PART I. 


Containing | 


The PROPERTIES of Bopits; 
Their Laws of Moriox. 
AND 
The MECHANICAL POW ERS. 


„ , * 
— 


ot 


— 


_ 


The TüIxD EDITION, 


& on 


3 5 „ 
1 2 8 
1 7 2 4 4 — * * . 

* = * ey * * — 

" = * * 
—— p \ — — a N , 2 
. 5 , „ E 
PW , . - 7 — 
2 = 
nd = 
— 
— 
* 
* 
. 
* 
. 
* 
* 
* = 
* 
* 
* 
— 1 PY 4 _ 1 Fe" * 1 4 0 * 2 - — — — — . *# 4 ts Wea — — — — a * — fu ie 

— 16wꝛ . ——————@__ — W * 9 * — we” Sus © oe — — - -- 4 — =. . oF 2 


A 
CoMPENDIOUS SYSTEM 
O F 


Natural Philoſophy. 


With NOTES 


| Containing the 


MATHEMATICAL DEMONSTRATIONS, 


AND 


Some Occaſional REMARK Ss. 


3 — _—_—. 


. m * * * r — 


PART I. 


The PROPERTIES of Bopits. 
Their Laws of MoTion. And 
The MECHANICAL PowERs. 


By J. ROWNING, M. A. 


Rector of ANDERBY in LINCOLNSHIRE, and late 
Fellow of Ma cDALEN College in CAMBRIDGE. . 


— 


The THIRD EDITION. 


FONGDODN: 


Printed for Sam. HaRrDinG, Bookſeller, on the 
Pavement in St. Martin's Lane. 


Mpccxxxvilll. 


= —— — 
züͤ — . —— — ͤNÜLůö — 


0 . „ 8 — ow — > 27 8 5 . X - 
—  — — — — — oe 2 wb" oe go PP ee eo nn III [OO 3733 . — — a, 


A 


CoMPENDIOUS SYSTEM 


Natural Philoſophy. 
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The INTRODUCTION. 


O wild and extravagant have been the 
Notions of a great Part of Philoſophers, 
both Ancient and Modern, that it is 
hard to determine, whether they have 
been more diſtant in their Sentiments from 
Truth, or from one another; or have not ex- 
ceeded the Fancies of the moſt fabulous Wri- 
ters, even Poets and Mythologiſts. This Was 
owing to a precipitate Proceeding in their 
ſearching into Nature, their neglecting the uſe 
of Geometry and Experiment, the moſt neceſ- 
ſary Helps to the finding out Cauſes, and pro- 
portioning them to their Effects. 


Tu Manner of Philoſophizing among the 


Ancients was to give Bodies certain arbitrary 


A Pro- 
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Properties, ſuch as beſt: ſerv'd their Pu in 
accounting for the Phznomena * of Nature ; 
from whence proceeded ſo many various Sects 
of Philoſophers ; every one aſcribing a diffe- 
rent Cauſe to the ſame Appearance, as his par- 
ticular Genius and Imagination led him. 


THE chief Agreement obſervable among 
moſt of them, conſiſts in this, v/z. that they 
conceived all Bodies, as Compoſitions of Air, 
Earth, Fire, and Water, or ſome one or more 
of them, from whence they acquired the 
Name of Principles or Elements, which they 
{till retain. 


EypicuRus advanc'd a little farther, and aſ- 
ſerted, that though Bodies conſiſted of ſome 
one or more of theſe, yet that they were not 
ſtrictly Elements, but that theſe themſelves con- 
ſiſted of Atoms; by an accidental Concourſe 
of which, (as they were moving through infinite 
Space in Lines nearly parallel) all Things re- 
ceived their Form and Manner of Exiſtence +. 


Des CARTEs has contrived an Hypotheſis 
very different from the reſt ; he ſets out with a 


* By a Phznomenon of Nature is meant any Motion or Si- 
tuation of Bodies among one another, which offers itlelf to the 
Notice of our Senſes, and is not the immediate Reſult of the Ac- 
tion of an intelligent Being. 

+ For the Opinions of the Ancient Philoſophers conſult Dio- 
genes Laertius and Stanley's Lives. 


Suppo- 
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Suppoſition that the Univerſe at firſt was entire- 
full of Matter, that, from this Matter when 
it in Motion, there would neceſſarily 
be rubbed off (by the grinding of the ſeveral 
Parts one againſt another) ſome Particles ſuffici- 
ently fine to paſs through the hardeſt and moſt 
ſolid Bodies without meeting with any Reſiſt- 
ance : of theſe conſiſts his Materia ſubtilis, or 
Materia primi Elementi. He imagined that 
from hence alſo would reſult other Particles of a 
globular Form, to which he gave the name of 
Materia ſecundi Elementi. Thoſe which did not 
fo far loſe their firſt Figure, as to come under the 
Denomination of Materia primi or ſecundi E- 
lementi, he called Materia tertii Elementi; and 
maintain'd that all the Variety, which appears 
in natural Bodies, was owing to different Com- 
binations of thoſe Elements. 


H x likewiſe ſuppoſes that God created a 
certain Quantity of Motion, and aſſigned it 
to this Maſs of Matter, and that That Mo- 
tion (being once created) could no more 
be annihilated without an omnipotent Hand, 
than Body itſelf; in Conſequence of which, 
he was obliged to teach, that the Quantity of 


Motion is always the ſame : So that if all the 
Men and Animals in the World were mov- 
ing, yet ſtill there would be no more Mo- 
tion, than when they were at Reſt, the Mo- 
tion which they had not, when at Reſt, being 
A 2 transferr'd 
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transferr'd to the ther. So unaccountable 
are the Notions of this great Philoſopher, that 
it is ſurprizing his Doctrine ſhould have met 
with ſuch univerſal Reception, and have got 
ſo ſtrong a Party of Philoſophers on its Side, 
that notwithſtanding it was more abſurd, than 
the Schoolmens Subſtantial Forms, they muſt 
all be exploded to make Way for his inge- 
nious Hypotheſis. 


Drs CARTEs has been ſaid by a late Wri- 
ter *, to have joined to. his great Genius an 
exquiſite Skill in Mathematicks, and by mixing 
Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in the 
latter. But this Writer ought to have con- 
fidered that what he look'd upon in Des CAR- 
TEs's Book of Principles, as Demonſtrations, 
are only Illuſtrations, there not being a De- 


monſtration from Geometry in all his Philoſo- 
phical Works +. | 


THe preſent Method of Philoſophizing eſta- 
bliſh'd by Sir Is AAc NET N, is to find out 
the Laws of Nature by Experiments and Ob- 
ſervations, To this, with a proper Applica- 


* Mr. Votian in his Reflections on Ancient and Modern 
Learning. 


_ + See this Subject diſcuſs'd more at large in Kei/'s Introduc- 
tion to his Examination of Dr. Burnet's Theory. 
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tion of Geometry, is owing the great Advan- 
tage the preſent Syſtem of Philoſophy has o- 
ver all the preceeding ones, and the vaſt Im- 
provement it has received within the laſt Age. 
It is indeed in vain to imagine, that a Syſtem 
of Natural Philoſophy can be framed by any 
other Method : for without Obſervations it 1s 


impoſſible we ſhould diſcover the Phznome- 


na of Nature, without Experiments we muſt 
be ignorant of the mutual Actions of Bodies, 


and without Geometry we can never be certain 


whether the Cauſes we aſſign be adequate to the 
Effects we would explain, as the various Sy1- 


tems of Fhiloſophy built on other Foundations. 
evidently ſhew. 


THis Way of ſearching into Nature was 
firſt propoſed by my Lord Bacon *, proſecut- 
ed by the Royal Society, the Royal Academy at 
Paris, the Honourable Mr. BoyLe, Sir Is AAC 
NEewToON, &c. 


Wu ar wonderful Advancement in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conducted by a 
Genius equal to the Work, will be beſt under- 
ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 
it 1s principally owing, that we have now a 


See his Novum Or;anum. 


rational 
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rational Syſtem of Natural Philoſophy ; 'tis He 
who, by purſuing the ſure and unerring Me- 
thod of Reaſoning from Experiment and Obſer- 3 
vation, joined with the moſt profound Skill in 
Geometry, has carried his Enquiries to the moſt 
minute and inviſible Parts of Matter, as well 
as to the largeſt and moſt remote Bodies in 
the Univerſe, and has eſtabliſh'd a Syſtem 
not ſubje to the Uncertainty of a mere Hy- 

otheſis, but which ſtands upon the ſecure 

aſis of Geometry itſelf. 
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Which are the 


CHAP L 
The Properties of Body. 


T being the Deſign of Phys or Natu- 
I ral Philoſophy to account for the Phzno- 
mena of the Material World, it is neceſſary to 
begin with laying down the known Proper- 
ties of Body. 

THESE are 1. Solidity. 2. Extenſion. 3. Di- 
viſibility. 4. A Capacity of being moved from 
Place to Place. © A Paſſiveneſs or Inactivity. 

ential Properties of Body ; as 
appears from what follows. | 

I. SOLIDITY, called alſo Impenetrability, 
is that Power which Body has of excluding all 
others out of its Place. 

Tnar Body, as ſuch, muſt be endued with 
this Property follows from its Nature, for other- 
wiſe two Bodies might exiſt in the ſame Place, 
which is abſurd. The ſofteſt are equally ſolid 
with the hardeſt, for we find by Experiment, 
that the Sides of a Bladder, filled with Air or 
Water, can by no means be made to come 
cloſe together *. 


At Florence a hollow Globe of Gold was fill'd with Wa- 
ter, and then exactly clos'd ; the Globe thus clos'd was put 
into a Preſs driven by the Force of Screws ; the Water, find- 
ing no Room for a nearer Approach of its Particles toward 
each other, made its Way through the Pores of that cloſe 


Metal. 
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2. THAT Body is extended, is ſelf evident, 
it being impoffible to conceive any Body, 
which has not Length, Breadth, and Thickneſs, 
that is, Extenſion. 

3. IT is no leſs evident, that Body is diviſi- 
ble, for ſince no two Particles of Matter can 
exiſt in the ſame Place, it follows that they are 
really diſtin from each other, which is all that 
is meant by being diviſible. 5 

In this Senſe the leaſt conceivable Particle 
muſt {till be diviſible, ſince it will conſiſt of 
Parts, which will be really diſtinct x. To il- 
luſtrate this by a familiar Inſtance : Let the 
leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface, tis evident 

e Surface will not touch it every where, 
thoſe Parts therefore, which it does not touch; 
may be ſuppoſed ſeparable from the other, and 
ſo on as far as we pleaſe; and this is all that 


Metal, ſtanding in Drops like Dew on the Outſide, before the 
Globe would yield to the violent Preſſure of the Engine. 
V. Tad. del Ciment. 


This Propoſition is demonſtrated Geometrically thus, ſup- 
poſe the Line 4D (Fig. 1.) perpendicular to B F and another as 
G H at a ſmall Diſtance from it alſo perpendigular to the ſame 
Line ; with the Centers CCC, &c. deſcribe Circles cutting the 
Line G I in the Points e, e, e, &. Now the greater the Radius 
A C is, the leſs is the Part e H. But the Radius may be augment- 
ed in infini:um, and therefore the Part e H may be diminiſhed in 
the ſame Manner; and yet it can never be reduc'd to nothing, be- 
cauſe the Circle can never coincide with the right Line AF; con- 
ſequently the Parts of any Magnitude repreſented by G H may be 
diminiſhed in infinitum. 2. E. D. V. KeiPs Introd. ad Phyſ. 
Præl. 3, 4, 5, Graveſande's Elem. Math. Phyſ. L. 1. c. 4. Schol. 


18 


Chap. I. The Properties of Body. « 


is meant, when we fay Matter is infinitely 
diviſible. | 

How far Matter may aQtually be divided, 
may in ſome manner be conceiv'd from hencc* 
that a Piece of Wire, gilt with fo ſmall a 
Quantity as eight Grains of Gold, may be 
drawn out to the Length of thirteen Thouſand 
Feet, the whole Surface of it ſtill remaining 
cover d with Gold f. | 

A Quantity of Vitriol, being diffolved and 
mix'd with nine Thouſand T'imes as much Wa- 
ter, will tinge the whole, conſequently the Vi- 
triol will be divided into as many Parts as there 
are viſible Portions of Matter in that Quantity 
of Water *. 

THERE are Perfumes, which, without a 
ſenſible Diminution of their Quantity, ſhall 
fill a very large Space with their odoriferous 
Particles, which muſt therefore be of an incon- 
ceivable Smallneſs, fince there will be a ſuffici- 


* We have a ſurprizing Inſtance of the Minuteneſs of ſome 
Parts of Matter, from the Nature of Light and Vifion. Let a 
Candle be lighted and placed in an open Plane, it wiil then be 


viſible two Miles round, conſequently was it placed two Miles a- 


bove the Surface of the Earth, it would fill with lumi i us 
Particles a Sphere, whoſe Diameter was four Miles, and that be- 
tore it had loſt any ſenſible Part of its Weight. The For of 
this Argument wil! appear better when the Reader is acquainted 
with the Cauſe of Viſion: | 


+ Keil's Introd. ad Phyſ. Pral. 5g. Religious Philoſ. Con- 
templ. 25. : 


+ Mem. de VAcad, 1706. | 
B ent 
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ent Number in every Part of that Space, ſenſi- 
bly to affect the Organ of Smelling. 

4. THAT all Matter is moveable, follows 
from its being finite ; and to ſuppoſe it poſi- 
tively A is abſurd, becauſe it conſiſts of 
Parts “. 


5. By the Paſſiveneſs or Inactivity of Mat- 


ter, (commonly call'd its Vis Inertiæ) is meant 
the Propenſity it has to continue its State of 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther explain'd under 
the firſt Law of Nature. 


CHAP I 


Of Vacuum. 
I. LACE void of Matter is call'd empty 


Space or Vacuum. 
II. Ir has been the Opinion of ſome Phi- 
loſophers, particularly the Carteſians, that Na- 
ture admits not a Vacuum, but that the U- 
niverſe is entirely full of Matter: in conſe- 
quence of which Opinion they were oblig'd 
to aſſert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 


Sides of that Veſſel, however ſtrong, would 


come together ; but this is contrary to Expe- 


* See Mr. Law's Tranſlation of ABp. King de Origine 
Mali, Note 3. | 


rience, 
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rience, for the greateſt Part a of the Air may be 
drawn out of a Veſſel by means of the Air- 
Pump, notwithſtanding which it will remain 
whole, if its Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere, 

III. SHoULD it be objected here, that as it is 
impoſſible to extract all the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Anſwer is, that ſince a very great 
Part of the Air, that was in the Veſlel, may be 
drawn out, as appears by the more quick De- 
ſcent of light Bodies in a Receiver * when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
between the Parts of the remaining Air : which 
is ſufficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Carteſian, that 
thoſe Vacuities are fill'd with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
but as the Exiſtence of this Materia ſubtilis can 
never be prov'd, we are not oblig'd toallow the 
Objection; eſpecially ſince Sir Is AAc NEwToN 
has found, that all Matter affords a Reſiſtance 
nearly in Proportion to its Denſity . 

THERE are many other Arguments to prove 
this, particularly the Motions of the Comets 


a A Veſſel cannot be entirely exhauſted of its Air, becauſe 
the Action of the Pump depends on the Spring of that which re- 
mains in the Veſſel. | 

* By this Term is meant any Veſſel, out of which we extract 
the Air by the Air-Pump. | 

T New. Principia Lib. 2. Prop. 31. & 40. & Opt. Edit. 2. 
Book 3. Quer. 18, 19, 20, 21. Deſagul. Lect. 1. Ann. 2. 


B 2 | through 
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chrough the Heavenly Regions without any ſen- 
ſible Refiſtance *; the different Weight of Bo- 
dies of the fame Bulk &c. but thoſe, being not 


yet explain'd, are not ſo proper to be inſiſted 
on in this Place, 


e HAN II. 


Of Attraction and Repulfion. 
J. ESID Es the forementioned Proper- 


ties of Matter, it has alſo certain 
Powers or active Principles, known by the 
Names of Attraction and Repuljion, probably 
not eſſential or neceſſary to its Exiſtence, but 
impreſſed upon it by the Author of its Being, 
for the better Performance of the Offices for 
which it was deſign'd. 

II. ATTRACTION is of two Kinds. 1. Co- 
heſion, or that by which minute Bodies, (or 
the ſeveral Particles of the ſame Body) when 
placed afunder at very ſmall Diſtances, mutu- 
ally approach each other; and then adhere or 
ſtick together, as if they were but one. 2. Gra- 
vitation, or that by which diſtant Bodies act 
upon each other. 

III. Tae Attraction of Coheſion is prov'd 
from abundance of Experiments, of which ſome 
of the moſt obvious are as follows. 


* De/agus, Let. 1. Annot. 8. 
x. EET 
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1. LET a ſmall glaſs Tube (commonly call'd 
a Capillary Tube) open at both Ends, be dipt 
into a Veſſel of Water, the Water will imme- 
diately riſe up in the Tube to a certain 
Height above the Level. This Riſe of the 
Water is manifeſtly owing to the Attraction of 
thoſe Particles of the Glaſs, which lie in the 
inner Surface of the Tube immediately above 
the Water : Accordingly the Quantity of Wa- 
ter raiſed 1s always proportionable to the Large- 
neſs of that Surface *. 


2. LET two Spheres of Quickſilver be pla- 
ced near each other, and they will immediately 
run together, and form one Globule. 

IV. THe Laws of this Attraction are 1/. 
That it acts only upon Contact, or at very 
ſmall Diſtances ; tor the Spheres, mentioned in 
the laſt Experiment, will not approach each 
other, till they are plac'd very near. 2. It 


The Heights the Water riſes to in diff:rent Tubes, are ob- 
ſerv'd to be reciprocally as the Diameters of the Tubes, from 


whence it follows that the Quantities raiſed are as the Surfaces 
which raiſe them. 


Dem. Let there be two Tubes, the Diameter of the fir} 
double to that of the ſecond, the Water will riſe half as high in 
the firſt as in the ſecond, now was it to riſe equally high in 
both, the Quantity in the firſt would be four times as great 
as in the ſecond. (Cylinders of equal Heights being as the 
Squares of their Diameters; 11. EI. 14.) therefore ſince it is 
found to rite but half as high, the Quantity is but twice as much, 
and therefore as the Diameter; but the Surfaces of Cylinders 
are as their Diameters, therefore the Quantities of Water raiſed 
are allo as the Surfaces. 2. E. D. 


See the Diſſertation on this Subject. Part IT, 
acts 
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acts according to the Breadth of the Surfaces 
of the attracting Bodies, and not according 
to their Quantities of Matter. For, let there 
be two poliſh'd Glaſs Plates laid one upon ano- 
ther, in ſuch a Manner, as to touch at one 


End, and there make a very ſmall Angle: If 


two unequal Drops of Oil be put between 
theſe Plates, at equal Diſtances from the Line 
of Contact, ſo that the leaſt may touch both 
Glaſſes, they will then both move towards the 
Ends that touch, becauſe the Attraction of the 
Surfaces inclines that Way ; but the largeſt, 
touching the Glaſſes in moſt Points, will move 
the faſteſt. 3. Tis obſerv'd to decreaſe much 
more than as the Squares of the Diſtances of 
the attracting Bodies from each other in- 
creaſe: That is, whatever the Force of Attra- 
ction is at a given Diſtance, at twice that Di- 
ſtance it ſhall be more than four Times leſs than 
before . 

V. FROM hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies; thoſe 
whoſe conſtituent Particles are flat or ſquare, 
and ſo ſituated as to touch in many Points, 
will be hard; thoſe Particles which are more 
round, and touch in fewer Points, will conſti- 
tute a ſofter Body; thoſe which are ſpherical, 
or nearly of that Figure, will form a Fluid +, 


V. K:ili: Opera Ed. 47. p. 626. 
+ See Rohault in the Notes, pag. 105, 108, See Part II. 
Chap. I. f. 2. in the Notes. Nexv7oni. Optic, p. 335- 
V Ar- 
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VI. ATTRACTION of Gravitation is that, 
by which diſtant Bodies act upon each other. 
Of this we have daily Inſtances in the falling 
of heavy Bodies toward the Earth. 

VII. Tur Laws of this Attraction are 1. 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bo- 
dies increaſe. Thus, a Body which at the 
Surface of the Earth Ci. e. about the Diſtance of 
four Thouſand Miles from its Center) weighs 
ten Pounds, if it was plac'd four Thouſand 
Miles above the Surface of the Earth, i. e. twice 
as far diſtant from the Center as before, 
would weigh four Times leſs; if thrice as far, 
nine Times leſs, Sc. The Truth of this Pro- 

oſition is not to be had from Experiments, 

(the utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, bearing no 
Proportion to their Diſtance from its Center,) 
but is ſufficiently clear from the Motions ob- 
ſerv'd by the Heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; for 
all Bodies are obſerv'd to fall equally faſt in 
the exhauſted Receiver, where they meet with 
no Reſiſtance. From whence it follows, that 
the Action of the Earth upon Bodies is exact- 
ly in Proportion to the Quantities of Matter 
they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
Body, being moſt eafily put into Motion, 
would 
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would move the faſteſt. Accordingly, it is 
obſervable, that the Weight of a Body is the 
fame, whether it be whole, or ground to 
Powder *. 

VIII. From hence it follows, that, was a 
Body to deſcend from the Surface toward the 
Center of the Earth, it would continually be- 
come lighter and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated by Mathematicians, 
that the Gravity, would decreaſe with the Di- 
ſtance of the Body from the Center +. 

Scholium. 


Þ ®* Grave/ande Lib. 4. Chap, 11. Cotes's Preface to Newton's 
rincip. 

+ Dem. Let there be a Body as P. Fig. 2.) placed any 
where within a concave Sphere, as 4B, which let us ſuppoie 
divided into an infinite Number of thin concentric Surface: ; 
I fay, the Body P will be attracted equally each way by a- 
ny one of theſe v. g. the interior H/KLM. Let there be Lines 
as IL, HK, &c. drawn through any Point of the Body P, in 
fuch a manner as to form the Surface of two ſimilar Figures, 
ſuppoſe Cones, the Diameters of whoſe Baſes may be 7H, KL, 
which let be infinitely ſmall. Theſe Baſes (being as the Squares 
of the Lines IH. KL) (z. Elen. 12.) will be directly, as the 
Squares of their Diſtances from P (for the Triangles IPH. KPL, 
being infinicely ſmall, are ſimilar.) But thoſe Baſes include all 
the Particles of Matter in the interior Surface, that are oppo- 
lite to each other; the oppoſite Attractions are therefore in the 
ſame Ratio with thole Bales, that is as the Squares of the Diſtances 
PR, PI But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, F. 7. z. e. inverſely as the 
Squares of the ſame Diſtances PX, PI; theſe two Ratios 
therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which 
lies nearer the Center than the Body can effect it, the reſpective 
Actions of all the Parts, chat are more diſtant, being * 
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Sc bolium. Ir may be proper to obſerve here, 
that when Philoſophers ſpeak of Bodies gravi- 
tating to, or attracting each other, that Body is 
faid to gravitate to another, which moves to- 
wards it, while the other actually is, or appears 
to be, atreſt; and this other is, ſaid to attract 
the former ; though indeed the Force being mu- 
tual and equal on both Sides (as will be ex- 
plain'd under the third Law of Nature) the ſame 
Term might be apply'd to either the gravitating 
or attracting Body. 

IT is farther to be obſerv'd, that when we 
uſe the Terms, Attraction or Gravitation, we 
do not thereby determine the Phyſical Cauſe 
of it, as if it proceeded from ſome ſuppoſed 
occult Quality in Bodies ; but only uſe thoſe 
Terms to fignify an Effect, the Cauſe of 
which lies out of the reach of our Philofophy. 
Thus, we may ſay, that the Earth attracts hea- 


vy Bodies; or that ſuch Bodies tend or gravi- 


tate to the Earth: although at the ſame time we 


and in contrary Directions, ſince the ſame is demonſtrable of any 
of the remaining concentric Surfaces, Let us fee then what Ef 
fe that, which lies nearer the Center than the Body, will have 
upon it, which may be conſidered as a Sphere, on whoſe Surface 
the Body is plac'd. The Diſtances of each Particle of Matter 
from the Body, (taken collectively) will be as the Diameter 
of the Sphere, or as the Radius, i. e. as the Diſtance of the Body 
from the Center: their Action therefore upon the Body will be 
inverſely as the Square of that Diſtarite : but the Quantity of Mat- 
ter will be as the Cube of that Diſtance; (18. Elem. 12.) the At- 
traction therefore will be alſo in that Proportion, Now, theſe 
two Ratios being compounded, the Attraction will be only as 
the Diſtance of the Body from the Center. 2, E. D. 
C 


are 


— 
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are wholly ignorant: whether this is effected 
by ſome Power, actually exiſting in the Earth, 
or in the Bodies, or external to both; ſince 
. it is impoſſible any Error in our Reaſonings 
% can follow from hence: it being evident, that 
I all the Conſequences of ſuch Tendency mult 
be the ſame, let the Cauſe be where, or what 


$ \ 
$ it will 
| 
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X. REPULS10N is that Property in Bodies, 
whereby, if they are placed juſt beyond the 
Sphere of each others Attraction of Coheſion, 
they mutually fly from each other. 

Tuus, if an oily Subſtance, lighter than 
Water, be placed on the Surface thereof, or if 
a Piece of Iron be laid on Mercury, the Sur- 
face of the Fluid will be depreſsd about the 
Body laid on it : This Depreſſion is manifeſt- 
ly occafion'd by a repelling Power in the Bo- 
dies, which hinders the Approach of the Fluid 
towards them, 

Bu x it is poſſible in ſome Caſes to preſs 
or torce the repelling Bodies into the Sphere 
of one anothers Attraction; and then they will 
mutually tend towards each other ; as when 
we mix Oyl and Water till they incorporate “. 

XI. BESIDESs the general Powers foremen= 
tioned, there are ſome Bodies, that are endued 
with anoiher, call'd Electricity. Thus Amber, 


5 
We have an undeniable Proof of this Repulſive Force 4 
| in Sir {aac Newton's Opticks. B. 3. and Query 31. 4 
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Jet, Sealing-Wax, Agate, Glaſs and moſt Kinds 
of Precious Stones attract and repel light Bo- 
dies at conſiderable Diſtances. 

THE chief Things obſervable in theſe Bodies 
are. 1. That they don't act, but when heated. 
2. That they act more forcibly when heated 
by rubbing, than by Fire. 3. That, when 
they are well heated by rubbing, light Bodies 
will be alternately attracted and repell'd by 
them, but without any obſervable Regularity 
whatever. 4. If a Line of ſeveral Yards in 
length has a Ball, or ether Body ſuſpended at 


one End, and the other End be fixed to a glaſs 


Tube; when the Tube is heated by rubbing, the 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 
attract and repel light Bodies in the fame Man- 
ner, as the Glaſs itſelf does. 5. If the glaſs Tube 
be emptied of Air, it loſes its Electricity “. 

XII. LAasTLyY, the Loadſtone is obſerv'd to 
have Properties peculiar to itſelf, as that by which 
it attracts and repels Iron, the Power it commu- 
nicates to the Needle, and ſeveral others +. 


* See Hauksbee's Experiments. Philo/eph. Tranſack. No. 326, 


+ Several Solutions of theſe Properties of EleXricity and Mag- 
neti/m have been attempted by different Philoſophers, but all of 
them ſv unſatisfaCtory as not to deſerve a particular Account in this 
Piace. See Chamber's Dictionary in Electricity, and Des Cartes 
Opera Philoſophica. P. IV. 5. 133, with ſeveral others reterr'd 
to in Queſtiones Philoſophice. Deſagul. LeR. I. F. 33. 
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CHAP. IV. 


Of the Laws of Motion, commonly cat- 


led Sir Is a AC NewToONs Laws of 
Mature. 


LL Bodies continue their State of Reſt, 
or uniform Motion in a right Line, till 
they are made to change that State by ſome ex- 


ternal Force impreſſed upon them. 


Tuls Law is no other, than that univerſal 
Property of Bodies, called Paſſiveneſs or In- 
activity; whereby they endeavour to continue 
the State they are in, whatever it be. 'Thus 
a Top only ceaſes to run round on Account 
of the Reſiſtance it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſtop 
it, but the Friction, ariſing from the Motion 
of the Pin on which it is ſuſpended, conti- 
nues to move much longer, « 4 one in the 
open Air. 

II. Tyx Change of Motion, produc'd in any 
Body, is always proportionable to the Force, 
whereby it is effected; and in the ſame Di- 
rection, wherein that Force acts. | 

THis is an immediate Conſequence of this 
Axiom, the Effect is always proportionable to 

| its 
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its Cauſe. For Inſtance, if a certain Force 

roduces a certain Motion, a double Force 
will produce double the Motion ; a triple 
Force triple the Motion, &c, If a Body is in 
Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 
to the Force impreſſed ; but if the Force acts 
directly contrary to its Motion, the Body will 
then loſe a proportional Part of its Motion : 
Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 
of the Body, more or leſs difterent from the 
former in Proportion to its Quantity and Di- 
rection *. | | 


III. R- 


This Caſe is expreſſed more accurately by Mathematicians 
thus. If the Proportion and Direction of two Forces, acting 
upon a Body at the ſame Time, be repreſented by the Sides of 4 
Parallelogram, the Diagonal of that Parallelogram will repreſent 
the Proportion and Direction of their united Forces. 

Dem, Let the Body A (Fig. 3.) be impell'd with a Force. 
which would carry it to E, in the ſame Time that another, 
acting upon it in the Direction AD, would carry it to D. 
Imagine that while the Body paſſes to , the Line 4D (in 
which the Body moves by the other Force) moves to EB, in 
a Direction parallel to itſelf; when the Body has advanc'd 
to G in the Line AE, the Line AD will have got to GV. 
and the Body will have paſſed over GH, ſach a Part of it, as 
bears the ſame Proportion to the whole Line GF, as AG does 
to AE, that is, GH (the ſhorter Side of the Parallelogram 6M. 
1s to GF, or, which is the ſame Thing, to EB (the ſhorter 
vide of the Parallelogram ED, as AG (the longer Side of the 
former) is to AE the longer Side of the latter.) from whence 
the Parallelograms are ſimilar, EI. 6. Def. 1. and conſequently, 
by 24. EI. 6. the Point H is in the Diagonal, that is, the Body 
will always be found in the Line B. E. D. 8 

ri. 
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III. REACT10ON is always contrary, and e- 
qual to Action; or the Actions of two Bodies 
upon each other, are equal, and in contrary 


Directions. 


Tu us, ſuppoſe a Stone, or other Load to 
be drawn by an Horſe ; the Load reacts upon 
the Horſe, as much as the Horſe acts upon 
the Load ; for, the Harneſs, which is ſtretch'd 
equally between them both Ways, draws the 
Horſe towards the Stone, as much as it does 
the Stone towards the Horſe ; and the progreſ- 
five Motion of the Horſe is as much retarded 
by the Load, as the Motion of the Load is 
promoted by the Endeavour of the Horſe “. 
This will be better explain'd from the follow- 
ing Inſtance ; let a Perſon, fitting in a Boat, 


Coroll. From hence we have an eaſy Method of reſolving a 
given Motion into any two, or more Directions whatever; 
Viz. by deſcribing a Paraile.ogram about the given Direction 
as a Diagonal, the two Sides of which will repreſent the Di- 
reEtions ſought. Thus, ſuppoſe a Body was impell'd in the 
Line AB, we may conceive it as acted upon by two Forces at 
the ſame Time, one towards E, the other towards D, or any 
other two whatever, provided the Lines be drawn of ſuch 
length, that, when the Parallelogram is compleated, the given 
Line 4B ſhall be its Diagonal. | 

* It may be thought perhaps, that (two equal and contrary 
Forces deitraying one another) the Horſe will in this Caſe not 
be able to move at all, becauſe the Load draws him back, as 
much as he daws the Load forwards. But it is to be obſerv'd 


that the Strength of the Horſe is not properly exerted upon 


the Load but upon the Ground ; conſequently the Ground, re- 
ating and continuing at Reſt, puſhes the Horſe forward with 
juſt ſo much Force as the Horſe exerts, above what is coun- 
teracted by the Load. 


draw 


Jt 
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draw another Boat equally heavy towards him, 
they will both move towards each other with 
equal Velocities: Let the Boat he fits in be the 
lighteſt, and it will move the faſteſt; becauſe 
the Action _ equal on both Sides, the 
ſame Quantity of Motion will be given to each 
Boat, that is, the leſſer will have the greater 
Velocity “. 
Wr have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one another, but prevented from coming 
cloſe together by ſome other Body placed be- 
tween them: If their reſpective Actions, by 
which they tend towards each other, were not 
equal on both Sides, then would the interme- 
diate Body be preſſed more one Way than the 
other, and fo all three would of themſelves be- 
gin to move; but that three Bodies ſhould 
be put into Motion after this Manner, when 
no external Force acts upon them, is contr 
to Experience, conſequently whatever-different 
Degrees of Force, any two Bodies may be ca- 
pable of exerting, their mutual Actions on each 
other are always equal. This may be try'd 
with a Loadſtone and Iron ; which, being put 
into proper Veſſels, contiguous to one ano- 
ther, and made to float on the Surface of 
Water, will be an exact Counterbalance to 


See the Diſtinction between Motion and Velocity. Chap. 9. 
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24 Falling Bodies. Part I. 
each other, and remain at Reſt, whatever be 


the attractive Power of the Loadſtone, or the 
Proportion of their reſpective Magnitudes. 


TükESsE Laws receive an abundant Additio- 
nal Proof from hence, viz. that all the Con- 
cluſions that are drawn from them, in Relation 
to the Phænomena of Bodies, how complicated 
ſoever their Motions be, are always found to 
agree perfectly with Obſervation. The Truth 


of which ſufficiently appears in all Parts of the 


Newtonian Philoſophy *. 
CHAP. V. 


The Phenomena of Falling Bodies. 
5 | HE Laws of Nature being thus explain- 


ed, we proceed to account for ſome of 
thoſe Phænomena, which are ſolvable by them. 
II. To begin with thoſe of Falling Bodies. 
Conſtant Experience ſhews, that Bodies have 
a Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap. 3. F. 7. | 
III. Tur Height, Bodies can be let fall from, 
bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 


* See theſe Laws explain'd more at large by Cheyne in his 
Principles of Philoſophy. Keil's Inticd, ad Fhyſ. Præl. 11, 12. 
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Chap. V. Falling Bodies. 2 5 
ſenſibly alter their Gravity; which therefore 
may be conceiv'd, as acting conſtantly and uni- 
formly upon them, during the whole Time of 
their Fall: From whence they muſt neceſſarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant- 
ly increaſe, in Proportion to the Time the Body 
takes up in falling. * 8119 got 
IV. Tas Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thofe Times ; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one; and nirie Times as 
far in three, ſixteen Times as far in four, &c. * 
V. FROM 


In order to demonſtrate this Propoſition, it will be neceſſary 
to lay down the following Theorem, zz. ; — 

That the Space a Body paſſes over, with an uniform Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 
moves over; and the faſter it .moves during any Interval of 
Time, the farther it goes; therefore the Space is in a Ratio com- 
pounded of both, that is, is had by multiplying one into the 
other. | 3 
Coroll. Therefore the Area of a ReQangle, one of whoſe 
Sides repreſents .the Celerity a Body moves with, and the other 
the Lime of its Motion, will exprels the Space it moves through. 

This being premiſed, let the Line AB (Fig, 4.) - repreſent 
the Time a Body takes up in falling, and let BC expieſs the 
Celerity acquii'd by its Fall; farther let the Line AB be di- 
vided into an indefinite Number of ſmall Portions, ei, in, 
mp, Kc. and let ef, ik, mn, pp, &c. be drawn parallel to the 
Baſe. Now it is evident from 5. 3. (viz. that the Velocities 
are as the Times in which they are acquir'd) that the Lines 
ef, ik, mn, pg, &c. being to each other (4. El. 6.) as the Lines 
Ae, Ai, Am, Ap, &c. will repreſent the Celerities in the Times 
repreſented by theſe: that is, 4 will be as the Velocity * = 
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V. From this Propoſition it follows, that a 
Body falls three Times as far, in the ſecond 
Portion of Time, as it does in the firſt; five 
Times as far in the third; ſeven Times in the 
fourth, and ſo on in the Series of the odd 
Numbers: For otherwiſe it could not fall four 
Spaces in two Minutes, and nine in three, as 
the P I opoſition aſſerts . 

VI. Tux 


Body in the ſmall Portion of Time ei, and i wilt be as the Ve- 
locity in the Portion of Time im; in like Manner pg will be as 
the Velocity in the Portion of Time po, which Portions of Time 
being taken infinitely ſmall, the Velocity of the Body may be 
ſuppos'd the ſame, during any whole Portion: and conſequently, 
by the Corollary of the foregoing Theorem, the Space run over 
in the Time ei with the Velocity ef may be repreſented by the 
Rectangle /: in like Manner the Space run over in the Time 
im, with the Celerity :#, may be expreſs d by the Rectangle 14; 
and that run over with the Celerity u in the Time mp, by 
the Rectangle pn; and fo of the reſt. Therefore the Space run 
over in all thoſe Times will be repreſented by the Sum of all the 
Rectangles, that is, by the Triangle ABC, for thoſe little trian- 
gular Deficiencies, at the End of each Rectangle, would have 
vaniſhed, had the Lines ei, im, mp, &c. been infinitely ſhort, as 
the Times they were ſuppoſed to repreſent. Now as the Space, 
the Body deſcribes in the Time AP, is repreſented by the Tri- 
angle 4BC, for the ſame Reaſon the Space paſs'd over in the 
Time 4 may be repreſented by the Triangle Ar, but theſe 
Triangles, being ſimilar, are to each other, as the Squares of 
their homologous Sides AB and Ao (20. EI. 6.): that is, the 
Spaces repreſented by the Triangles are to each other, as the 
Squares of the Times repreſented by the Sides. Q. E. D. 


* This may alſo be ſhewn in the following Manner. Let 
the Triangle ABC (Fig. 4.) be divided into leſſer ones, as 
in Fig. 5. each equal to Dbr, which repreſents the Space de- 
ſcribed by the falling Body in Db the firſt Portion of Time; 
"tis evident that, in bc the ſecond Portion of Time, there are 
three ſuch Triangles deſcribed, wiz, thoſe that lie between the 

| . Lines 
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VL Tun Spaces, deſcrib'd by falling Bodies 
in different Times, are as the Squares of the 
laſt acquir'd Velocities. For by F. 4. the Spa- 
ces are as the Squares of the Times, and by 
$ 3. the Velocities are as the Times ; there- 
ore the Spaces are alſo as the Squares of the 
Velocities. 

VII. Tur Space a Body paſſes over, from 
the Beginning of its Fall in any determinate 
Time, is half what it would deſcribe in the 
fame Time moving uniformly with its laſt ac- 
quir'd Velocity *. | 

VIIL In like Manner, when Bodies are 
thrown up ndicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe ; 
their Gravity deſtroying an equal Portion of 
their Velocity eyery Inſtant of their Aſcent. 

IX. THE; 1 21 Bodies riſe to, when 
thrown perpendicularly upwards, are as the 
Squares of the Times ſpent from their firſt 
ſetting out, to the Moment they ceaſe to riſe. 


That is, if a Body is thrown with ſuch a De- 


gree of Velocity, as to continue riſing twice as 


Lines br and c in cd the third Portion of Time, five ſuch, 
wiz. all between cs and 4; in df the next equal Portion of Time, 
leven ſuch, Cc. 1 


* For let the Time be 4B, (Fig. 4.) and the laſt Veloci- 
ty BC, the Space the Body runs over, while it is acquiring 
that Velocity, is as ABC, but the Space it would paſs over in 
the Time AB, was it to move uniformly with the Celerity BC, 
is by the Theorem 1 p. 25.) as the Space ABCD, double 


the former, © | | 
D 2 long 
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long as another, it ſhall aſcend four Times as 
high; if thrice, nine Times as high, Sc. 

Tus two are the converſe of the third 
and fourth Sections *. | 


CHAP. VL 


F the Defcent of Bodies on obligue 
Planes, and of Pendulums. 


HEN a Body deſcends on an oblique 
Plane, its Motion is continually acce- 
lerated by the Action of Gravity, but in a leſs 
Degree, than when it deſcends perpendicularly ; 
its free Deſcent in this Caſe being hinder'd by 
the Interpoſition of the Plane: From whence 
it follows, that what was ſaid in the laſt Chap- 
ter, concerning the perpendicular Deſcent of 
Bodies, is true ↄf ſuch as fall on oblique Planes, 
Allowance being made for the Difference of 
Acceleration. e aphrt 8 

II. TE Effect Gravity has upon a Body 
falling down an oblique Plane, is to that which 
it exerts upon another falling freely, as the 
| ie 77 8 Height of the Plane is to its 
Length Tr. 


III. THE 


* dee KoiPs Introd, ad Phyſ. Prel. 11. Graveſande L. 1. 
„Ch. . | | 

I Dem. Let AC (Fig. 6, be the inclin'd Plane, the Body 
at 4, and tie Action of Gravity, whereby it endeavours to fall 
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III. Tur Space, through which a Body falls 
down the oblique Side of a Plane, is to that 
through which it would fall perpendicularly in 
the ſame Time, as the perpendicular Height 
of the Plane is to its Length *. 

For the Space, a Body falls through in any 


determinate Time, whether down an inclined 


Plane, or not, is as the Effect of the Gravity 
with which it is acted upon during that Time; 
but the Gravity, with which a Body deſcends 
down the oblique Side of a Plane (by the 
laſt Propofition) is to that with which it falls 
perpendicularly, as the perpendicular Height 
of the Plane to its Length: The Space there- 
fore, which a Body falls through obliquely, is 
to that which it would paſs through perpen- 


dicularly in the fame Time, alſo in that Pro- 


portion. 


perpendicularly, repreſented by the Line AB; let AD be per- 
pendicular to AC, AD will then repreſent the Direction by 
which the Plane acts upon the Body (for all Bodies act in 
Lines perpendicular to their Surfaces) let then thoſe two Forces 
be reſolved into one in the Direction AC, (as ſhewn in Note 
to F. 4. Chap. IV.) by compleating the Parallelogram'BD, whoſe 
Diagonal will be 4G. In order to this 6 muſt be let fall 
perpendicularly upon AC {that it may be parallel to the oppoſit«- 
Side of the Parallelogram 20) conſequently (8. Elem. 6.) 4G 
is to AB as AB to AC, that is, the Tendency of the Body 
down the Plane is to its perpendicular Tendency, as AB is to 
AT. - D800. 

From this Propoſition it follows, that ſuppoſing BG ( Fig. 
6.) perpenè icular to AC) the Body would fall from A to G, in 
the ſame Time another would fall from thence to B; for, as 
was obſerv'd (Note the lait) 4G is to AB, as AB to AC. 


IV. Tur 
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IV. Tux Velocity, a Body acquires by falling 
endicularly, is to that, which it acquires 
falling obliquely in the fame Time, as the 
Space of its perpendicular Deſcent is to that of 
its oblique one. 
V. Tur Time, in which a Body deſcends 
through the oblique Side of a Plane, is to that 
in which it falls through the perpendicular 
Height of the fame, as the Length of the 
oblique Side is to its Height . 
VI. A Bop acquires the ſame Velocity in 
falling down the oblique Side of a Plane, as 


Since by the Note to Section the laſt, a Body falls to G, 
A 6.) in the ſame Time another falls to B, and by (Chap. 

« F. 7.) the Space, a falling Body paſſes over in any Time, 
is half that which it would run over in the ſame Time moving 
uniformly with its laſt acquir'd Velocity, it follows that the Body 
falling down the oblique Plane would paſs over double the Space 
AG, moving uniformly with its laſt acquir'd Velocity, in a 
Portion of Time equal to that in which it was acquired ; hke- 
wiſe double the Space 4B would be paſſed over by the other Body, 
moving uniformly with its laſt acquir'd Velocity, in a Portion of 
Time equal to that in which it was acquir'd; but ſince the Velo- 
cities of Bodies moving uniformly are as the Spaces they run over 
in equal Times, the Velocities of the Bodies in G and B are to 
each other as double the Lines 40 and AB, that is, as the Lines 
themſelves, which by F. 3. are as the Spaces run through in the 
ſame Time, from whence the Propoſition is clear. 
F Dem. The Square of the Time in which 40 ( Fig. 6.) 
is run over, is to the Square of the Time in which 4G is 
run over, as AC to 4G, (by Chap. V. F. 4.) that is, ſince , 
AB, AG are continually proportional (8. Elem. 6.) as the Square 
of to the Square of AB (by Def. 10. Elem. 5.) therefore 
the Times themſelves are as the Lines AC and AB, that is, 


8 _ * Side of the Plane to the perpendicular Height. 
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it would do, if it fell freely through the per- 


pendicular Height of it *, 

VII. A Bop takes up the fame Time in 
falling through the Chord of a Circle, whether 
it be long or ſhort, as it does in falling per- 
pendicularly through the Diameter of the ſame 
Circle . 

vi Upon this is founded the Theory of 
Pendulums: For from hence it follows, that 
ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the fame Time, 
whether they were large or ſmall 4. 

IX. FRoM hence we ſee the Reaſon, why 
the ſhorter Arches a Pendulum deſcribes, the 


Dem. The Square of the 9 a Body acquires by fal- 
ling to G, is to the Square of the Velocity it acquires by fal- 
ing to C, as the Space AG to the Space AC (by Chap. V. 
$. 4.) that is (by 8. Elem. 6. and Def. 10. Elem, 5.) as 469 
to ABgq; conſequently the ſimple Velocity at G is to that at C. 
as AG to AB: But ſince I is run over in the ſame Time 4B 
is (ſee Note to F. 3.) the Velocity in G is alſo to the Velocity in 
B, as AG to AB, (by F. 4) and conſequently ſince the Velocities 
both in C and B bear the ſame Proportion to that in G, they 
muſt be equal to each other. ©, E. D. 

+ Dem. It was demonſtrated (5. 3.) that a Body will fall 
from A to G, (Fig. 7.) on the inclin'd Plane AC, in the 
ſame Time another would fall freely to B, provided AGB is a 
right Angle, in which Caſe 4G (by 31. Elem. 3.) is a Chord of 
that Circle of which AB is the Diameter; therefore a Body falls 
through the Chord, c. Q. E. D. 

] This may be illuſtrated by conceiving the laſt Figure in- 
verted (as in Fig. 8.) where ſuppoſing the Ball ſuſpended in 
ſuch a Manner, as to ſwing in the right Line GA inſtead of 
the Arch G4, it would always fall through it in the fame 
Time, however long or ſhort it was, for the Inclination of 
the Line GA to the horizontal Line BC, is not alter'd by inverting 
the Figure. 


BRCAarer 
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nearer its Vibrations come to an Equality, for 
ſmall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Cycloid; each Swing will then be perform'd 
in the fame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, is always in Proportion to its Diſtance 
from thence ; and conſequently let that Diſtance 
be more or leſs, it will always be run over by 
the Pendulum in the ſame Time *. 

X. Tur Time of the Deſcent and Aſcent 
of a Pendulum, ſuppoſing it to vibrate in the 
Chord of a Circle, is equal to the Time in 


which 


*The Deſcription of a Gchid, 


Upon the right Line AB, (Hg. q.) let the Circle CD be 
ſo plac'd, as to touch the Line in the Point C, then let this Circle 
roll along upon it from Cto H. as a Wheel upon the Ground, theu 
will the Point C in one Revolution of the Circle deſcribe the Curve 
CKH, which is called a Cycloid. Now ſuppoſe two Plates of 


Metal bent into the Form H&K and KC, and placed in the Situati- 


on LH and LC, in ſuch Manner, that the Points Hand C may 
be apply'd to L, and the Points anſwering to & be apply'd to H 
and C. 'This done, if a Pendulum as LP, in Length equal to 
LH, be made to vibrate between the Plates or Cheeks of the 
Cycloid LC and LH, it will ſwing in the Line CXH; and the 
Time of each Vibration, whether the Pendulum ſwings through 
a ſmall or a great Part of the Cycloid, will be to the Time a 
a Body, takes up in falling perpendicularly through a Space equal 
to 7K, (halfthe Length of the Pendulum ;) as the Circumference 


of a Circle to its Diameter, and conſequenily it will always be the 


ſame. 
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which a Body falling freely would deſcend 
through eight Times the Length of the Pen- 
dulum. r | 
For the Time of the Deſcent alone upon 
the Chord is equal to that in which a Body 
would fall through the Diameter of the Cir- 
cle (by $ 7); that is, twice the Length of 
the Pendulum: But in twice that Time (v7z. 
during a whole Vibration) the Body would 
fall four Times as far (Chap. V. F. 4.), that is, 
through eight Times the Length of the Pen- 
3 OT 
XI. Tur Times, that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 
as the ſquare Roots of their Lengths . 
XII. TRE Center of Oſcillation is a Point 
in which, if the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 
not be alter'd thereby + ; this is the Point from 
whence 
They that would ſee a Detiionſiration of this and ſeveral 
other Things relating to this Curve, may conſult Huygens Horol. 
O/cillatorium, or Cotes's Harmonia Menſurarum. | 
Dem. Let there be two Pendulums A and B (Fig. 10. and 
11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe 
through a Chord) is equal to the Time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
&:monſtrated 5. 7.); in like Manner the Time B vibrates in is 
that in which a Body would fal through FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 


Roots of thoſe Spaces, that is, of DA and FB, or of their 


Halves CA and CB, i. e. of ths Lengths of the Pendulums. 
2. I. D. : 


+ The Rule for finding the Center of Oſcil ation. 
E 17 
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whence the Length of a Pendulum is me- 
ſur'd, which in our Latitude, in a Pendulum 
that ſwings Seconds, is thirty nine Inches and 
two Tenths. 4 

XIII. Tur Squares of the Times in which 


Pendulums, acted upon by different Degrees 
of Gravity, perform their Vibrations in, are 
to each . inverſly as the Gravities “. 
FRoM whence it follows, that a Pendulum 3 
will vibrate ſlower when nearer the Equator, 4 
than the ſame when nearer the Poles; for 


the 


If the Ball AB [Hg. 12.) be hung by the String CD, whoſe 3 
Weight is inconſiderable, the Center ot Oſcillation is found thus; | 
ſuppoſe E the Center of the Globe, take the Line K of ſuch 
a Length, that it ſhall bear the ſame Proportion to ED as ED 
to EC, then EA being made equal to + of &, the Point H ſhall 
be the Center of Oſcillation, 

If the Weight of the Rod CD be too conſiderable to be ne- 

glected divide CD (Fig. 13.) in J, ſo that DI may be equal to 
+ of CD, and make a Line as G, in the ſame Proportion to CI. 
that the Weight of the Rod bears to that of the Globe, then 
having found I the Center of Oſcillation of the Globe, as be- 
fore, divide IH in L, ſo that IL may bear the ſame Proportion 
to LH, as the Line CH bears to the Line G; then will L be 
the Center of Oſcillation of the whole Pendulum. See Huygens ̃ 
Horol. Oſcillat. 


ESTO n0O SDR. g. 2. A 


* Dem. The Spaces, falling Bodies deſcend through, are as f the 
the Squares of the Times, when the Gravity by which they Spac 
are impell'd is given (Chap. V. F. 4); and as the Gravity upor 
when the Time 1s given (for the Sum of the Velocities produced equa 
in any Time will always be as the generating Forces:) Conſe- ame 


quently when neither is given, they are in a Ratio compound- 
ed of both ; the Squares of the Times are therefore inverſly as 3 a Be 
the Gravities. [For if in 3 Quantities a, b, c; aisas be, 4 


then b: * i. e. if a is given, a: - or as c invenſy.] But if u 
the 5 
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2- the Gravity of all Bodies is leſs, the nearer 
im they are to the Equator; viz. on account of 
nd A the ſpheroidical Figure of the Earth, and its 

Rotation about its Axis, as will be explain'd 
hereafter. To which we may add the Increaſe 


are the Heat in thoſe Parts; (for we find by Ex- 

"2X periment, that Bodies are inlarged in every 
im © Dimenſion, in Proportion to the Degree of 
tor, Heat that is given them; ) for which Reaſon 
for (. 11.) the Vibrations of the Pendulum will 
the alſo be ſlower. 


1 "CHAP. VI. 

ſuch R By Ss 

=D Þ Of Projetiles. 5 
1 BODY, projected in a Direction paral- 
8 w | le] or oblique to the Horizon, would 
) Wt, 


proceed on ix znfinitum in a right Line (by 
s be. ; the firſt Law of Nature); but being continually 
rtion accelerated towards the Earth by its Gravity, it 


om vill deſcribe a Curve called a Parabola *. 
re as Mthe Squares of the Times, in which Bodies fall through given 


they Þ Spaces, are inverſly as the*Gravities by which they are ated 
i upon; then the Squares of the Times, in which Pendulums of 
equal Lengths perform their Vibrations, will be alſo in the 
ame Ratio, on account of the conſtant Equality between the 
Time of the Vibration of a Pendulum, and of the Deſcent of 
a Body through eight Times its Length (F. 12.) | | 
Dem. Let us ſuppoſe the Body thrown from A in the 
Direction AB horizontally ( Fig. 4.0 or obliquely ( Fig. 15.) 
Wit would (if not attrated — e Earth) move * 
2 rom 
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ces of the Length of the Pendulum occaſion'd by 
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from A towards B,. that js, in equal Times it would deſcribe 
equal Parts of the Line 4B, as AC, CD, DE, &c. but, if in 
the firſt Portion of Time, while it would move from A to C, 
it would have deſcended from A to G by its Gravity, had it 
only been let drop from thence ; jt will, by a Compoſition 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppofite Angle of the Parallelo- 
ram ACCH. Then in twice that Time, wiz. while it would 
ve moved over two equal Portions, or from A to D. it 
would fall downwards to M, four Times as far as before (Chap. 
V. F. 4) and will therefore be found in J. ſuppoſing Dl 
equal and parallel to AM. Then again in three Portions of 
Time, or while it wonld have moved over three Diviſions, 
that is, from A to E, it would have fallen downwards nine 
Times as far as in the firſt Portion of Time, and therefore 
being carried by theſe two Motions will at the End of that 
Time be found in X, ſuppoſing EK, or its equal AN, nine 
Times as long as AG or CH, &c. Therefore the Lines CH, 
DI, EX, -&c. which are to each other as the Numbers 1, 4, 
9, &c. are as the Squares of the Lines AC, AD, AE; (thele 
being only as the Number, 1, 2. 3.) But this is the Proper- 
ty of ihe Parabolic Curve (See De LU Hoſpital B. I. Prop 1. 
Corol. 2. and Prop, 3. Corol, 1.) Conſequently the Curve 
AHIK, &c. which the Body moves in. whether thrown hori- 
zontally or obliquely, is a Parabola. 2. E. D. : 
Lemma 1. The Quotient which ariſes from the Diviſion of 
p 2 Square of the Line AC by the Line AG, viz. the Quantity 


= (in either of the Parabolic Curves, Fig. 14. or 15.) or AJ 


AD 
che Square of the Line AD divided by AM, wiz. 4. or 
the Square of AE divided by AN, viz. 771 is equal to the 


Parameter of the Point A, for GHq is equal to 4G multiplied 
by the Parameter (De L. Hoſpital] Con. Sect. B. 1. Prop. 1. & 3.) 
therefore the Parameter is equal to GH divided by AG, that is, 


205. The ſame is demonſtrable of 4D divided by 4M, Kc. 


and conſequently any of theſe Quanties may be indifferent]y 
put to expreſs the Parameter of the ſame Point. : 

Lemma 2. The Velocity a Body would acquire, by falling 
from an Height equal to the fourth Part of the Parameter of 


the Point 4, is to the Velocity it would acquire by falling 1 


from 4 to N, as ZE 1 0 twice AN. 
hh | Dem. 
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Dem. Since we are comparing the Velocity, which a Body 


L would acquire by falling through a fourth Part of the Parame- 
þ | AE 
ter, with that which it would acquire by falling to N, let _—_ 


AN 


4 . An LAZ 
be made choice of to denote the Parameter. Then N. will ex- 


preſs a fourth Part of the Parameter. Now becauſe the Ve- 
ocities, acquir'd by falling Bodies, are as the ſquare Roots of 
the Spaces they fall through (Chap V. F. 6.), the Velocity, ac- 
| | e | 
quir'd by a Body in deſcending through — to that Velo- 
city, which it would acquire by falling through AN, as the 


{quare Root of ee the ſquare Root of AN; that is, ex- 
rafting the Roots M v 4 N, 


and, multiplying each Term by V A N. as - AE to AN, or as 
NE to twice AN. Q. E. D. | 
" Prep. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
by falling through a Space equal to the fourth Part of the 
1 belonging to that Point of the Parabola, from whence 

is intended to be projected. | 

Dem. The Velocity with which a Body muſt be projected 
from A towards B, to make it deſcribe the given Parabola 
AHIK, muſt be ſuch, as would carryit to C by an uniform 
Motion, in the ſame Time that it would deſcend by its Gra- 
viiy from A to G; and to E in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with which 
the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the ſame 
Time, as AE is to twice AN ; becauſe (Chap. V. F. 7.) its Velo- 
city in N would have carried it over twice AN in that Time, 
had it alſo been uniform. But by Lemma 2. the Velocity a 
Body would acquire, by falling through a Space equal to a fourth 
Part of the Parameter of the Point A, is to that which it 
would acquire by falling from A to N, alſo as AE to twice 
AN, Since therefore the Velocity, with which the Line AE 
15 deſcribed (or, which is the ſame Thing, that whereby the 
Body is projected) and that which a Body would acquire by 
falling through a fourth Part of the Parameter of the Point 
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A, bear one and the ſame Proportion to that Velocity which 
a uy would acquire by falling from A to NM, they muſt be 
equal, 2. E. D. 

| Corel is affords us an eaſy Method of finding what Di- 
reftion it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſtrike an Object in a given Situation. v. g. 
Let it be requir'd to ſirike an Object as X,. with a Ball thrown 
from A with a” given Velocity. Here it is only Ry is 
make the Triangle XK (ſuppoſe a right Line drawn from 
A to K) fuch that N or which is the fame Thing 4 in 


the Triangle AEK, may be equal to four Times the Space a 
Body muſt fall through, to acquire ſuch a Degree of Velocity as 
that with which it is intended to be thrown, and then AE will 
be the Direction ſought. In order to this we muſt lay down 
the following Lemma. 

Let there be a Circle as ABC (Rg. 16.) AK a Tangent 
in the Point 4, AB and KT parallel to each other, and let 


the other Lines be drawn, as in the Figure, I ſay I =AB. 


For the Angle ABE is equal to the Angle FAK (32. Elem. 3.) 
and the Angle BAE is equal to the Angle AEK as alternate, 
therefore the Triangles ABE and AEK are ſimilar; conſe- 
quently 4B is to AE, as AE to ERK. and multiplying the 
extreme Terms together, and middle Terms together, AB x 
EK= AFg and dividing both Sides of the Equation by EX, 


F Q E. D. By the fame Method of arguing 
75 may be proved equal tO AB. 


The ProBLE u. 


Let it be ir'd to ſtrike a given Object as K (Hg. 17. 
with a Ball rroeRted from 4 A given Velocity. (Fs / 

Solution. Erect AB perpendicular to the Horizon, and e- 
gual to four Times the Height a Body muſt fall' from, to ac- 

uire the Velocity with which the Ball is to be thrown ; biſ- 
ee this in the Point G, through which draw HC ndi- 
cular to AB, and meeting the Line 40 nn to 


AK) in C. On C as a Center with the Radius CA, deſcribe 
the Circle ABD; laſtly, through K draw the Line XE per- 
| | e pendicul | 
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II. Tur greateſt horizontal Diſtance, to 


Z which a Body can be thrown with a given Ve- 


locity, is at the Elevation of 45 Degrees *. 

III. Ir two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty five De- 
grees as the other below, the horizontal Di- 


ſtances (or Randoms) where they both fall, 


will be the ſame F. 
IV. Tür 


pendicular to the Horizon, cutting the Circle in the Points E and 
J: I fay AE or AI will be the Direction ſought. 

For by the Lemma, AB = 2 or 75 „but (ex conſtructio- 
ne) AB is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 
eherefore its Equal ©? or 27, is the ſame, which by the Co- 
rollary was the Thing requir'd to determine the Direction 
ſought; conſequently the Parabola, which the Body will de- 
{cribe,. will paſs through the Point X. Q. E. D. 

Coroll. 1. From hence it is evident, that if the Object to 
be ſtruck be placed any where in the horizontal Line 40 
( Fig. 18.) beyond © the Problem is impoſſible; for then 2H 
will not touch the Circle, and the Ball will not reach that 
Point with any Direction whatever. 


* And that when the Ball is directed towards , it will 
fall on Q the greateſt Diſtance it can poſſibly be thrown to; 
but the Angle 24H being equal to 45 H in the oppoſite 
Segment (32. Elem. z.) is equal to half 46 H at the Center 
(20. Elem. 3.) which is a right one ; conſequently 24H is an 


Angle of 45 Degrees. 


'+ Coroll. 2. If the Object is ſituated in the horizontal Line 
AO (Fig. 19.) but nearer to 4, than the greateſt horizontal 
Diſtance at which it may be ſtruck, ſuppoſe in X; the two 
Directions AE and 41, wich which it may be hit, are equally 


diſtant 
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IV. Tür Height a Body will rife to, when 
thrown: perpendicularly . upwards, u equ is equal to 
half the greateſt horizontal Diſtance it can be 
thrown to, with the ſame Velocity *. 

From hence we thay eaſily know how far 
a Mortar-Piece; or 3 1 will 

a Ball. Let the Ball be ſhot ndi- 
cules upwards, .note the Time of * Accent 
and Deſcent; half that is the Time of Deſcent, 
from whence. we learn the. Height from which 
it falls (for Bodies are obſerv'd to fall in the 
firſt Second of Time ſixteen Feet, conſequent- 
ly in two Seconds they fall four Times ſixteen 
Feet (Chap. V. F. 4.) in three; nine Times as 
much, &c.) but he perpendicular Height from 
whence it falls is the £ ſame with that to which 
It aſcended, conſequently (N. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 
to which that Machine will carry the Ball with 
an equal Charge. 


diſtant from the Direction AH; for the Angles IA and 


HAE, are equal, as inſiſting on equal Arches IH and HE, 
(28. Elm. 3.) 


*" Corell. 3. The Altitude of a perpendicular projection i is 
equal to a fourth Part of the Height 4B ; for the Velocity, 
with which the Body is projected, is {ex eb. ) ſuch as 
it would acquire by ling through a fourth Part of the Line 


AB ; ,bat a fourth Part of the Line AB is equal to half the 
Line GH, or 42 (Fig. 18. ) that is, half the greateſt hori- 
zontal Diſtance to which the Body can be thrown. 

See Cotess Harmonia Menſurarum, p. 87, Kei/s Introduct. 
ad Phyſ. Præl. 16. 
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V. Tur Randoms of two Projectiles, hay- 
ing the ſame Degrees of Elevation, but thrown 
with difterent Velocities, are as the Squares of 
the Velocities: For by the laſt, the Randoms 
are equal to double the Heights to which the 
Bodies thrown perpendicularly upwards will 
aſcend, but the Heights are (Chap. V. F. 6.) 
as the Squares of the Velocities, therefore th 
Randoms are ſo too. | 

VI. SuPpPosING the Motion of the Earth, 
all Bodies, when thrown perpendicularly up- 
wards, deſcribe Parabola's; notwithſtanding 
they appear both to aſcend and deſcend in the 
ſame right Line. | 

Trx1s may very eaſily be illuſtrated in the 
following Manner ; let there be a Body car- 
ried ao Fa along the Line AB (Fig. 20.) 
by the Motion of the Earth from A towards 
B; as it paſſes the Point C let it be projected 
upwards, by ſome Force acting underneath it 
in the Direction CO perpendicular to the for- 
mer ; the Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 
towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B, the other towards O; let us then ſuppoſe, 
that in the Time it would have advanced for- 
wards to P in the Line AB, it riſes upwards to 
M in the Line CO; it will then be found 
in D (Chap. IV. $. 2.) In like Manner, ſup- 


1 Poſing it would have advanced forward to Q_ 


F while 
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while it riſes to N, it would then be found in 
E, afterwards in F, then in G, &c. deſcribing 
the Curve CGL which (from what was de- 
monſtrated under F. 1.) is a Parabola *. 

Tur Reaſon, why it appears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the Motion 
of the Earth in the Direction AB. v. g. Sup- 
poſe the Spectator at Cat the Inſtant the Body is 
thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he 
will be at Q, Sc. as is evident from what was 
obſerved about the Motion of the Body in the 
Curve ; and they will both meet in L. There- 
fore ſince the Spectator imagines himſelf ſtand- 
ing ſtill, and fees the Body always perpendicu- 
larly over his Head, he muſt of Courſe think, 
that it riſes right up, and falls right down. 


IT may be proper to obſerve here, that Ex- 
_ periments, relating to the Motion of projected 
Bodies, do not exactly anſwer the Theory, 
the Reſiſtance of the Air deſtroying Part of 
their Motion ; for which a ſmall Allowance is 
to be made. 


* Dem. Suppoſe the Motion the Body had in common with 
the Earth towards B (Fig. 21.) and that with which it is 
| Projected towards O, ſuch, as being compounded (Ch. IV. 5. 2 ) 
would have produced a Motion in the Direction CX; it will 
follow from thence, that the Path deſcribed by it will be the 
ſame, as if it had been thrown in that Direction from a Point 
as C at reſt; but in that Caſe it would have deſcrib'd a Pa- 
rabola as CGL (F. 1.) therefore alſo in this. 2, E. D. 
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CHAP. VII. 


| Of Centripetal and Centrifugal Forces. 


HEN a Body is projected in an ho- 

rizontal Direction, and by its Gravity 
made to deſcribe a Parabola, as demonſtrated 
Chapter the laſt ; the Curvature of that Para- 
bola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For 


the leſs its Gravity is in Proportion to the 


Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
leſs it will deviate from a ſtraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Dire- 
ction, and goes in a Curve Line, ſuppoſe to 
the Diſtance of two Miles from. the Foot of 
the Mountajn before it falls to the Ground ; 
the ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by encreaſing the Velo» 
city, the Diſtance to which it is projected may 
be encreaſed as much as you pleaſe ; ſo that 
it will not fall to the Ground, till it is arrived 
at the Diſtance of ten, or thirty, or ninety 

F2 Degrees; 
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Degrees; or till it has even ſurrounded the 
whole Earth, and arrives at the very Top of 
the Mountain from whence it was projected: 
In this Caſe it will perform a ſecond Revolu- 
tion, and ſo on in infinitum without a new 
Projection, provided the Reſiſtance of the Air 
is taken away. Nay it may be projected with 
ſuch Violence, that it will continually recede 
from the Earth, moving in a Curve, till at 
length it gets out of the Sphere of the Earth's 
Attraction; after which it will go on in a 
ſtraight Line without ever returning. Which 
may thus be illuſtrated. 

LEeT ABC (Fig. 22.) repreſent the Earth, 
M the Top of the Mountain from whence 


the Body is projected in the Direction M; 


It may be thrown with ſuch Force as to carry 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 


or laſtly, it may be made to deſcribe the Curve 


MO, till it gets out of the Sphere of the Earth's 
Attraction, ſuppoſe at O, going on afterwards 
in the infinite ſtraight Line OX, there being 
nothing to ſtop or alter its Courſe, Farther 
it may be projected with ſuch a Force from 
M Fig. 23.) as will cauſe it continually to 
recede from the Earth, till it arrives at the 
oppolite Point G, deſcribing the Curve MKG; 
and if the Point G is within the Sphere of 
the Earth's Attraction, the Body will return 
to M, deſcribing the Curve GLM exactly fi- 

| milar 
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milar to MKG; and in moving nearer and 
© nearer to the Earth, till it comes to M, will 
T regain what Velocity it loſt in going from M 
to G, its Gravity conſpiring with its Motion 
from G to M in the ſame Degree in which it 
7 oppoſed it from M to G; conſequently the 


Body when at M, having recovered the \elo- 


| city with which it ſet out, will be inabled to 


perform a ſecond Revolution in thc fare Carve 


as before; and ſo on. 


AGAIN, ſuppoſe it had been projected from 


| the Point M, with a leſs Degree of Force than 


would have carried it round in the Circle 


* MDM / Fig. 22.) but greater than would have 


ſuffered it to have fallen to the Earth at the 


{ oppoſite Point F (Fig. 23.) it would alſo in 


this Caſe have arrived at the Point M from 


whence it ſet out; for the Exceſs of Velocity 


it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 
M, would be ſufficient to carry it off again 
from the Earth, till it arrived at M; and to 
make it deſcribe the Path FPM exactly ſimi- 
lar and equal to the former, loſing in its Way 
from F to M juſt ſo much Velocity, as it gain- 
ed by paſſing from M to F; and thereby it 
would be inabled to perform an infinite Num- 
ber of Revolutions in the ſame Curve, without 
requiring a ſecond Projection. 


FROM 
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FroM hence it follows, that ſuppoſing a Tu 
Body projected from a Point at any Diſtance ? faſt 
within the Sphere of the Earth's Attraction, q 
with a Force ſufficient to carry it half round bx 
without falling to the Surface, it is impoſſible A} ©* 
it ſhould fall upon any Part of the other halt; hot 
but will return to the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 
tions in the ſame Curve; provided it meets 
with no Reſiſtance from the Medium through vol 
which it paſſes, nor any other Obſtacle to ob- be 


ſtruct its Motion *. e 

FROM hence alſo it is clear, that, the near- ? -= 
er the revolving Body approaches to the Earth, ing 
the faſter it moves; its Velocity being conti- MF te 
nually increaſed during the Time of its Acceſs M ; 
towards the Earth, and as much retarded du- Im 
ring its Receſs from it. And this Accelera- me 


tion and Retardation will always be ſuch, that of 
the Body will deſcribe equal Areas in equal [T. 
Times: The Meaning of which is, that if we A 
imagine a Line conſtantly extended from the MF Fo 
Center of the Earth to the Center of the C, 
Body, that Line will always deſcribe or paſs Ti 
through equal Surfaces or Spaces in equal MF *'? 


* Gravity is here ſuppoſed to be inverſly as the Squares of 
the Diſtances from the Earth, for tis poſſible that the Force, . 
by which a Body tends towards another, may vary in ſuck a 
Manner at different Diſtances, that the projected Body ſhall 
deſcribe a ipiral Line, continually approaching to, or receding 
from that about which it rgvolve:. 


Times, 
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tl. JF 
Times, for it conſtantly becomes ſhorter the 


A © faſter it moves, and vice versd x. 
on. ND for the ſame Reaſon that a Body, pro- 

' VF jcted with a ſufficient Velocity, may by the 
und : : 

Force of Gravity be made to deſcribe a Curve 

1ble 7 
alf. round the Earth, and perform continual ſuc- 
n ceſſive Revolutions therein; it follows, that 
* the Moon may by the ſame Force of Gravi- 
cets * Dem. Let the Time in which the Body performs one Re- 
ugh * volution be divided into equal Parts, in the firſt of which let 


ob- | the Body deſcribe the right Line 4B [Fg. 24.) in the ſecond 
Part of Time, if not prevented, it would go ſtraight on to c, 
deſcribing the Line Bc equal to AB by the firſt Law of Na- 


ear. ture; the Lines SA, SB, Sc being drawn, the Triangles SB A, 
h Sc, will be equal to each other, their Baſes AB and Be be- 
ol th, ing equal, and their Heights $ the ſame (38. Elem. 1.) When 
nti- the Body arrives at B, let the centripetal Force by one fingle 
ceſs © Impulſe turn it out of the ſtraight Line Bc into the Line BC; 
f in which let it move on uniformly without receiving a ſecond 
du- F Impulſe till it comes to C. Let Cc be drawn parallel to SB 
era- meeting BC in C; then at the End of the ſecond Part of Time, 
ch the Body will be found in C, having deſcribed the Diagonal 
at 2M of the Parallelogram Nc (Chap. IV. F. 2.) Draw SC, and the 
qual Triangle SCB will be equal to the Triangle Sch, (each hav- 
"we ine the ſame Baſe $B and being between the ſame Parallels 
= Cc and SB) and therefore alſo equal to the Triangle SBA. 
the For the ſame Reaſon, if the centripetal Force acts in the Points 
the C. D, E ſucceſſively, ſo as to make the Body deſcribe the 
ſtraight Lines CD, DE. EF, &c. in ſo many equal Parts of 
paſs Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
qual to one another and to the Triangle S4B. Conſequently equal 
Areas are deſcribed in equal Times. Let us then ſuppoſe the 
Baſes of thoſe Triangles, wiz. AB, BC, CD, DE, &c. di- 
res of miniſhed in infinitum, and likewiſe the Times in which they 
Force, are deſcribed; then will the Perimeter 4, B, C, D, E, F,. 
E &c. become a Curve, and any Number of thoſe Triangles taken 


together (or their Areas) will be proportionable to the Times 
in which they are deſcribed. 2. E. D. 
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be made to revolve about the Earth, or any 
other Planet by the like Force, about the Sun; 
if the Velocities with which they move are 
duly adjuſted to the Forces by which they are 
acted upon. 

War a Body revolves about another in 
this Manner, that Force or Power by which it 
is prevented from flying off (as it otherwiſe 
would do in a Tangent to the Curve which 
it deſcribes) is call'd the Centripetal; the Coun- 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal; theſe, by the third 
Law of Nature being equal to each other, 
are called by one common Name, Central 
Forces; that with which the Body is at firſt 
projected, or continues its Motion from any 
Point, is the Projectile Force; and the Time 
in which it performs one Revolution, the Peri- 
odical Time, 


Tust Forces, properly relating to the Mo- 
tions of the Heavenly Bodies, will be more 
largely treated of in another Place. 


CHAP. I; 
Of the Communication of Motion. 
I. EFORE we proceed to explain the 
Laws, -by which Bodies communicate 


their Motion from one to another, it is very 
neceſlary 
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neceſſary to make a Diſtinction between Mo- 
tion and Velocity ; which ought to be well ob- 
ſerv'd, and is as follows. 

By the Motion of a Body (ſometimes called 
its Quantity of Motion, ſometimes its Momen- 
tum) is not to be underſtood the Velocity only, 
with which the Body moves; but the Sum of 
the Motion of all its Parts taken together: 
Z Conſequently the mote Matter any Body con- 
tains, the greater will be its Motion, though 
its Velocity remains the ſame. Thus, ſuppoſing 
two Bodies, one containing ten Times the Quan- 
tity of Matter the other does, moving with 
equal Velocity; the greater Body is ſaid to 
have ten Times the Motion, or Momentum, 
that the other has: For 'tis evident, that a 
2 tenth Part of the larger has as much, as the 
other whole Body. ſhort, that Quality in 


moving Bodies, which Philoſophers underſtand 
by the Term Momentum or Motion, is no 


other than what is vulgarly called their Force, 
which every one knows to depend on their 
Quantity of Matter, as well as their Velocity. 
his is that Power, a moving Body has to affect 


another in all Actions that ariſe from its Mo- 


tion, and is therefore a fundamental Principle 
in Mechanics. 

II. Now, ſince this Momentum, or Force, 
depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it moves; the Method, to determine how 
4 G great 
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great it is, is to multiply one by the other. 
Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity which the other has; any two 
Numbers, that are to each other as two to one, 
will expreſs their Quantities of Matter (it be- 
ing only their relative Velocities and Quanti- 
ties of Matter which we need conſider) and 
any two Numbers that are as three to one 
their Velocities; now multiplying the Quan- 
tity of Matter in the firſt, vg. two by its Ve- 
locity three, the Product is ſix; and multi- 
plying the Quantity of Matter in the ſecond 
by its Velocity, vig. one by one, the Product 
is one; their relative Forces therefore or Pow- 
ers will be as ſix to one, or the Moment of one 
is ſix Times greater than that of the other. 
Again if their Quantities of Matter had been 
as three to eight and their Velocities as two to 
three, then would their Moments have been as 
ſix to twenty four, that is, as one to four. 

T Is being rightly apprehended, what fol- 
lows, concerning the Laws of the Communica- 
tion of Motion by Impulſe, and the mechani- 
cal Powers, will be eaſily underſtood, 


The Communication of Motion. 


I. In Bodies not Elaſtic. 


III. THost Bodies are ſaid to be not Ela- 
tic, which, when they ſtrike againſt one ano- 
ther, 


9 


„ 
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ther, do not rebound, but accompany one a- 
nother after Impact, as if they were joined. 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
preſſing Force ceaſes to act. For all rebound- 
ing is occaſioned by a certain Spring in the 
EZ Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 
immediately ſpring back, and 

7 impinging Bo 

Bodies void of Elaſticity, there follows no Se- 
2 paration after Impact. 


ow off the 
dy; now, this being wanting in 


IV. Wren one Body impinges on another 


Z which is at reſt, or moving with leſs Velocity 
the ſame Way, the 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſe. 


Quantity of the Motion 


THus, ſuppoſe two equal Bodies, one im- 


pinging with twelve Degrees of Velocity on 
the other at reſt : The Quantities of Matter in 
the Bodies being equal, their Moments and 
Velocities are the fame; the Sum in both 
twelve; this remains the ſame after Impact 
(. 4.) and is equally divided between them 
(. 3.) they have therefore ſix a-piece, that is, 


e impinging Body communicates half its 


; Velocity, and keeps half. 
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V. Wren two Bodies impinge on each o- 
ther by moving contrary Ways, the Quantity 
of Motion, they retain after Impact, is equal 
to the Difference of the Motion they had be- 
fore; for by the third Law of Nature, that, 
which had the leaſt Motion, will deſtroy an 
equal Quantity in the other, after which they 
will move together with the Remainder, that 
is the Difference. 

Tus for Inſtance, let there be two equal 
Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
cities will be two; this remains the ſame after 
Impact (F. 5.) and is equally divided be- 


tween them (F. 3.) they have therefore one 
a-piece : That is, the Body, which had five 


Degrees of Velocity, loſes three or as much as 
the other had, communicates half the Remain- 
der, and keeps the other half *. 


* From theſe Poſitions it is eaſy to reduce a Theorem, that 
ſhall ſhew the Velocity of Bodies after Impact in all Caſes what- 
ever. Let there be two Bodies 4 and B, the Velocity of the firſt 
a, of the other 5; then (F. 2.) the Moment of 4 will be ex- 
preſſed by 4a, and of. B by Bb; therefore the Sum of both 
will be Aa B; and Aa—Bb will be the Difference when 


they meet. Now theſe Quantities (by F. 4. and 5.) remain the 


ſame after Impact; but knowing the Quantities of Motion and 
Quantities of Matter, we have the Velocity (which F. 3. is the 


ſame in both) by dividing the former by the latter (as follows * | 
from F. 2.) therefore — or = ill in all Caſes e- 


A- A+B 
preſs the Velocity of the Bodies after Impact. 
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II. In Blaſtic Bodies. 
VI. Bopixs perfectly Elaſtic are ſuch as re- 


bound after Impact with a Force equal to that 
with which they impinge upon one another: 
Tphoſe Parts of their Surfaces, that receive the 
lImpreſſion, immediately ſpringing back, and 


throwing off the impinging Bodies with a 
Force equal to that of Impact. 

VII. From hence it follows, that the Action 
of Elaſtic Bodies on each other (that of the 
Spring being equal to that of the Stroke) is 
twice as much as the ſame in Bodies void of 
Elaſticity. Therefore, when Elaſtic Bodies 
impinge on each other, the one loſes, and 
the other gains twice as much Motion as if 
they had not been Elaſtic ; we have therefore 
an eaſy Way of determining the Change of 
Motion in Elaſtic Bodies, knowing firſt what 
it would have been in the ſame Circumſtances, 
had the Bodies been void of Elaſticity. 

Tuus, if there be two equal and Elaſtic 
Bodies, the one in Motion with twelve De- 
grees of Velocity impinging on the other at 
reſt, the impinging Body will communicate 


twice as much Velocity as if it had not been 


Elaſtic, that is (by F. 4.) twelve Degrees, or 
all it had; conſequently it will be at reſt, and 
the other will move on with the whole Veloci- 
ty of the former, 


VIIL Ir 
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VIII. IT ſometimes happens, that in Bodie; 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E- 
laſtic, it loſes more than all ; that is, the Ex- 
ceſs of what it loſes, above what it has, is ne- 
gative, or in a contrary Direction; thus, ſup- 

ſe the Circumſtances of Impact ſuch, that a 

ody, which has but twelve Degrees of Velo- 
city, loſcs ſixteen ; the overplus four is to be 
taken the contrary Way, that is, the Body will 
rebound with four Degrees of Velocity. v. g 
Let it be required to determine the Velocity 
of a Body after Impact againſt an immoveable 
Object. Let us firſt ſuppoſe the Object and 
Body both void of Elaſticity : 'Tis evident the 
impinging Body would be fopp'd or loſe all its 
Motion, and communicate none; if they arc 
Elaſtic, it muſt loſe twice as much (by F. 7.) 
and conſequently will rebound with a Force 
equal to that of the Stroke. 

IX. IT 1s ſufficient if only one of the Bo- 
dies is Elaſtic, provided the other be infinitely 
hard ; for then the Impreſſion in the Elaſtic 
Body will be double of what it would have 
been, had they both been equally Elaſtic : And 
conſequently the Force, with which they re- 
bound, will be the fame as if the Impreſſion 
had been equally divided between two 
Bodies. 

X. THERE are no Bodies, that we know 
of, cither pertectly Elaſtic, or infinitely hard ; 


the 
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the nearer therefore any Bodies approach to 
Perfection of Elaſticity, ſo much the nearer do 


7 the Laws, which they obſerve in the mutual 
1 


Communication of their Motion, approach 
to thoſe we have laid down. 

XI. Sir Isaac NEWTO&NS made Trials with 
ſeveral Bodies, and found that the ſame De- 
gree of Elaſticity always appeared in the ſame 
Bodics, with whatever Force they were ſtruck ; 


ſo that the Elaſtic Power, in all the Bodies he 


made Trial upon, exerted it{clt in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 


up very compact, receded from each other, to 
pbcar nearly the Proportion of five to nine to the 
Cclerity wherewith they met; and in Steel, he 
found nearly the ſame Proportion; in Cork the 
Elaſticity was ſomething 


Icſs, but in Glaſs 


much greater; for the Celcrity, with which Balls 
of that Matcrial ſeparatcd after Percuſſion, he 


found to bear the Pro 
teen to the Celerity wherewith they met *, 


rtion of fifteen to ſix- 


XII. WE have hitherto ſuppoſed the Di- 


| rection, in which Bodies impinge upon one 


another, to be perpendicular to their Surfaces : 


When it is not ſo, the Force of Impact will 
be leſs, by how much the more that Direction 


varies from the Perpendicular; for it is ma- 
nifeſt that a direct Impulſe is the greateſt of all 


* Newt. Princip. Phil. pag. 21. 


others 
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others that can be given with the ſame Degree 
of Velocity . 

XIII. Tris is the Caſe, when Bodies impel 
one another by acting upon their Surfaces; 
but in Forces, where the Surfaces of Bodies 
are not concerned, as in Attraction, &c, we 
muſt not conſider the Relation which the Di- 
rection of the Force has to the Surface of the 
Body to be moved, but to the Direction in 
which it is to be moved by that Force. Here 
the Force of Action will be leſs, by how 
much the more theſe two Directions va 
from each other T. My Meaning in bo 

Caſes 


The Force of oblique Percuſſion is to that of direct, as the Sine 
of the Angle of Incidence to the Radius. | 

Dem. Let there be a Plane as AD (Fg. 25. ) againſt which let 
a Body 2 in the Point D in the Direction BD : which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
be reſolved into two others (Chap, IV.F. z) BC and BA; the 
one parallel, the other perpendicular to the Plane; but that Force 
which is exerted in a Direction parallel to the Plane can no Way 
affect it; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line B; but this is to the Line BD, as the Sine 
of the Angle of Incidence ADB to the Radius ; from whence the 
Propoſition is clear. | | 

If the Surface of the Body to be ſtruck is a Curve, then let 4D 
be made a Tangent to D the Point of Incidence, and the Demon- 
ſtration will be the ſame. 


+ The Force of oblique Action is to that of direct, as the Co- 
Sine of the Angle comprehended between the Direction of the 
_ and that wherein a Body is to be moved thereby, to the 

ius. | 

Dem. Let FD (Fig. 26.) repreſent a Force acting upon a 
Body as D, and impelling it towards E; but let DM be the 
only Way in which it is poſſible for the Body to move; the 

1 5 Force 
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Caſes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more its Direction varies from one 
that is perpendicular to its Surface: But the 


Force of the Sail, to move the Ship forward, 
will be leſs, by how much the more the Di- 
rection of the Ship's Courle varies from that, in 
which ſhe is impell'd by the Sail. 

XIV. To this we may add the following 
Propoſition, relating to oblique Forces, v7s. 
that, if a Body is drawn or impelled three dif- 
ferent Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
the Forces be to each other, as the ſeveral Sides 
Jof a Triangle, drawn reſpectively parallel to 
the Directions in which they act &. 


Force FD may be reſolved (Chap. 4. F. 2.) into two others FG 
and FH, or which is equal to it GD; but 'tis evident that 
only the Force GD impels it towards M. Now, FD being 
the Radius, GD is the Co-Sine of the Angle FDG compre- 
FF hended between the two Directions FE and GM; from whence 
the Propoſition is clear, 


Dem. Let the Lines AB. 4D, AE, (Fig. 27.) repreſent 
the three Forces acting upon the Body 4 in thoſe Directions 
and by that Means keeping it at reſt in the Point 4. Then 
the Forces EA and DA will be equivalent to BA, otherwiſe 
the Body would be put into Motion by them (contra Hypoth. ) 
But theſe Forces are alſo equivalent to AC (Chap. IV. F. 2) 
conſequently AC may be made Uſe of to expreſs the Force 4B ; 
and EC, which is parallel and equal to 4D, may expreſs the 
Force AD, while AE expreſſes its own: But ACE 1s a Tri- 

H angle 
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Ic 
CHAP. X. 115 
Of the Mechanical Powers. 3 9 


I. H Len G, in the foregoing Chapter, 

accounted for the Communication of 
Motion by Impulſe ; we proceed next to con- 
ſider Motion as communicated by Means cf 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers. The Uſe cf 
theſe Powers conſiſts chiefly in managing great 
Weights, or performing other Works with a 
determinate Force. 

II. THEY are uſually reckoned five. vis. 
The Lever, the Wheel and Axis, the Pully, 
the Screw, and the Wedge; to which ſome Þ 
add the inclined Plane. To theſe all Machines 
how complicated ſoever are reducible. | 
III. Tus Inſtruments have been of very 
ancient Uſe; for we find that Archimedes was 
well acquainted with the Extent of their Pow- 7 
er; as may be inferred from that celebrated 
Saying of his, Ao ms gd, uai Thy yiv wiviou. | ; 
By which he meant, that the greateſt imagina- her 
25 Weight might be moved with the ſmalleſt no 
Power. 43 


ry 


angle whoſe Sides are all parallel to the given Directions; ther 4 

fore the Sides of this Triangle will expreſs the Relation of ue 

Forces by which the Body is kept at reſt, Q. E. D. er) 
A 


* 
. 
+ 
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IV. TRA T Body, which communicates Mo- 
tion to another, is called the Power ; that which 

T receives it, the Weight 
V. Tur Point in a Body, which remains 
at reſt, while the Body is turning round, is 
ipter, called the Center of Motion. Beſides this, there 
on of Mare two other Centers in Bodies, 1. that of. 
con- WY Magnitude, which is a Point, as near as poſſi- 
ns of ble, equally diſtant from all the external Parts 
y the Jof the Body; 2. that of Gravity, or that, about 


Jſe of which all the Parts of the Body, in whatcver 
great Situation it is placed, exactly balance each 
vith a other. > 
VI. WHEN a Body communicates Motion 
vz. Mo another, it loſes juſt ſo much of its own, as 
Pully, "Wt communicates to that other; the Action of 
| ſome Mone being equal to the Reaction of the other, 
chines Pee Chapter the laſt F. 4. and 5. 
VII. WHEN two Bodies have ſuch Rela- 
f very tion to each other (ſuppoſe them fixed to dif- 
'5 was erent Parts of the ſame Machine) that if one be 
' Pow- put into Motion, the other will thereby neceſ- 
brated Warily have ſuch a Degree of YOu given it, 
Aen. What their Moments will be equal; it will 
agina- hen be impoſſible, that one ſhould begin to 
malleſt nove without communicating to the other a 
Quantity of Motion equal to its own; tis evi- 
gent therefore from the laſt Propoſition, that 
Ae fappoſe it to begin to move, in that 


Fery Inſtant it muſt loſe all its own Motion 
Ta ar y communicating the whole to the other 
| 3 H 2 Body; 


or 
. 
PR 9 3 
* W.. 4 St 
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Body, and therefore; being left to itfelf, will 


remain at reſt, and communicate none at all. 


Now the Moments of two Bodies are equal 


(Chap. IX. F. 2.) when the Velocity of the 
firſt is to that of the ſecond, as the Quantity 
of Matter of the ſecond to that of the firſt; 
for if we ſuppoſe their Quantities of Matter 
as one to three, then by the Suppoſition their 
Velocities are as three to one ; and if we mul- 
tiply the Quantity of Matter in the firſt, viz. 
one, by its Velocity three, and that of the o- 
ther, vig. three, by its Velocity one; their Pro- 
ducts are equal; their Moments are therefore 
by the Definition (Chap. IX. F. 1. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion ; for the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. 

VIII. FRomM hence it follows, that in any 
Machine, whether ſimple or compound, the 
Power however ſmall may have a Moment 
equal to that of the Weight; provided the 
Machine be ſuch, that when it is in Motion, 


the Velocity of the Power ſhall bear ſuch Pro- 


portion to that of the Weight, as the Weight 
does to the Power; for then, what the Pow- 
er wants in Quantity of Matter or Weight, 


will be made up in Velocity; conſequently 8 
their Moments will be equal by S. the laſt, and 
therefore by F. 7. they will exactly balance 


each other; or be in Æguilibrio. 
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IX Bur if the Power bears a greater Pro- 
portion to the Weight, than the Velocity of 


the Weight to that of the Power; it will 
then have a greater Momentum than the other, 
and conſequently may communicate ſuch a Mo- 
EZ mentum to it as it will receive, without loſin 
all its own; the Remainder therefore, if ſuf- 
S ficient to overcome the Friction of the Ma- 
chine, will put it into Motion. 


Wr proceed now to treat of each Mecha- 


nical Power in its Order, and 


I. Of the Lzvzs. 
X. Tur Lever is a right Line (or Bar whoſe 


| Weight in Theory is not conſider d) moveable 
on a Center, which is called its Fulcrum, or 
fixed Point. 


XI. Tue Aquilibrium in this Machine is, 


EZ when the Diſtance of the Power from the fixed 


Point is to that of the Weight from the ſame, 
as the Quantity of Matter in the Weight is to 
that in the Power. 

Fo, ſuppoſing the Lever placed on its Ful- 
crum with the Weight to be raiſed at one 
End, and the Power applied to the other ; 
'tis evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
larger will be its Sweep when the Machine is 
put in Motion; that is, it will move over fo 
much more Space in the ſame Time than the 
Weight to be raiſed : now, if it is placed =o 
0 


| 
[ 
: 
[ 
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fo much farther from the Fulcrum, as it is 
leſs than the Weight, it will move juſt ſo 
much faſter; their Moments therefore will be 
equal (8 7) and conſequently the Power and 
Weight will exactly balance each other, or be 


in Aquilibrio *. And, if the Power is ſuffi- 
ciently „ e to overcome the Friction 


of the Machine, it will put it in Motion: 
Tux Lever is of three Kinds. 1. When the 
fixed Point is between the Weight and the 
Power, as in the laſt Caſe. 2. When the 
Weight is between the fixed Point and the 
Power. 3. When the Power is between the 
fixed Point and the Weight. I | 

In' all which Cafes the Aquilibrium will 
be, when their Diſtances from the fixed Point 
are ſuch, that their Velocities ſhall be inverſe- 
ly as their Quantities of Matter ; for then by 
(F 7.) being at reſt, neither of them will com- 
municate any Motion to the other: 

Tux common Scales may be conſidered as 


* Geometrically thus. Let AB ( Fig. 28.) repreſent the Le- 
yer, F the Fulcrum, J/ the Weight, P the Power, the one ſuſ- 
pended at the Extremity of the Lever 4, the other at B, and 
- BF be to FA as to P; then while the Lever moves from 
the Situation 4B into that of CD, the Point B which ſuſtains the 
Power will move as much farther than 4 which ſuſtains the 
Weight (and conſequently as much faſter ſince they perform their 
Motions in the ſame Time) as the Arch BD is longer than AC ; 
that is, the Triangles BFD and AFC being ſimilar, as the Arm 


BF is longer than AF, which (ex Hypoth. } is as much as the 
bes + rs exceeds the Power, they will therefore (5 7.) be in X. 


a Lever 2 
by bl 

„ 

7 
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quilibrio. Q E. D. 
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ſuffi- scales and the Steelyard conſiſts in this; that 


I sas in one you make uſe of a larger Power 
(or more Weights) to eſtimate the Weight 
© of an heayjer Body; in the other you uſe the 
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a Lever of the firſt Kind, where the Weight 
and Power are applied at equal Diſtances from 
the fixed Point, | 


THE Stcelyard is alſo a Lever of the firſt 


Kind, but whoſe Arms are ynequal. 


Tu Difference between the Uſe of the 


ſame Power, but give it a greater Velocity with 


T reſpect to that of the Weight by applying it 
F farther from the fixed Po, A 4h * 
will have the ſame Effect. 


by $7» 


II. The WaHrztL and Axis. 
XII. Ty1s Machine is a Wheel, that turns 


2 round together with its Axis; the Power in 
© this is applied to the Circumference of the 
Wheel, and the Weight drawn up by means 
Jof a Rope wound about the Axis, | 


XIII. In this there will be an Equilibrium, 


F when the Weight is to the Power, as the 
Diameter of 
of the Axis. 


ves from 
tains the 7 


e Wheel to the Diameter of 


'T1s evident, the Velocity of the Power 


1 will exceed the Velocity of the Weight, as 
much as the Circumference of the Wheel ex- 


¶ceeds that of its Axis; becauſe the Spaces they 
h as 3 1 
de in . . 

Circumferences; that is, as much as the Dia- 


Lever 


paſs over in one Revolution will be as thoſe 


meter 
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meter of one exceeds that of the other (the 
Circumferences of Circles being as their Dia- 
meters ;) what therefore in this Caſe the Pow- 
er wants in Weight will be made up in Veloci- 
ty, from whence (5 7.) there will be an Æqui- 
librium *. | 

Tur Uſe of this Machine is to raiſc 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 
ing turned ſeveral Times round, which the 
Lever 1s not ; and alſo to communicate Mo- 
tion from one Part of a Machine to another ; 
accordingly there gre few compound Machines 
without it. x 


III. The Pu LEV. 


XIV. A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 
Axes, | | 

XV. A fimple Pulley, if its Axis is fixed, 
is of no other Uſe, than to alter the Direc- 
tion of the Power; for the Power and 


Weight will both move through an equal 


* Geometrically thus. Let AR (Fig. 29.) be the Diame 
ter of the Wheel, DE that of the Axis, V the Weight, and 
P the Power; when the Wheel begins to move, the Point 
B and D will deſcribe ſimilar Arches about the Center C, in 
the ſame Manner the Point 4 and B in the Lever were ſhewn 
to do about the fixed Point F (Fig. 28.) that is, the Point 
B will move as much faſter than D, as CB is longer than 
CD or AB than DE, the Motion therefore of P (F 7.) will 
” equal to that of J. From whence the Propoſition 1 

EAT, 0 a 


Space 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 
as in Fig. 31. the Aquilibrium will be, when 


the Power is to the Weight, as one to the Num- 


ber of Ropes, that paſs between the upper and 


lower Pullies. 


For, ſuppoſe one End of the Rope fixed 


| | in B (Fig. Zo.) the other ſupported by the 


Power P, it is evident, that in order to raiſe 
the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, viz. BC and EP, will 
be ſhortened a Foot apiece, whence the Space 


run over by the Power will be double to that 


of the Weight; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal: for the ſame Reaſon, if there be four 


 Þ Ropes paſſing from the upper to the lower 
Pullies as in Fig. 31. the Velocity of the Power 


2 will be quadruple to that of the Weight, or as 
four to one, £&c, In all Caſes therefore when 
7 the Power is to the Weight, as one to the 
Number of Ropes paſſing from the upper to 


de lower Pullies (§ 7.) there will be an E- 


7 quilibrium. 


XVI. Ir the Pullies be diſpoſed as in Figure 


| 4 the 32d, each having its own particular Rope, 


the Action of the Power will be very much 


2 
JT £ 


7 increaſed ; for here every Pulley doubles it, 
2 wherefore the Power is four Times greater 


with two Pullies, eight Times with three, 
I ſixteen 
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ſixteen Times with four, &c. For, it is evi 
dent from the Confideration of the Figure 
the firſt will move half as faſt as the Powe 
the ſecond half as faſt as that, and fo on 
wherefore (F. 7.) the Power is doubled b 
each Pulley. 82 

Tur Uſe of the Pulley is nearly the ſame 
with that of the Wheel and Axis, but it i 
more portable, and eaſier to be fixed up. 


IV. The ScxEw. 

XVII. In this Machine the Æquilibriu 
will be, when the Power is to the Weight 
as the Diſtance between any two contiguo 
Threads or Spirals in the Screw, to the Wa 
deſcribed by he Power in one whole Revolu 
tion. It is manifeſt from the Form of th 
Machine (Fig. 33.) that in one Revolution c 
the Screw, the Weight will be moved throug] 
a Space equal to the Diſtance of two conti 
guous Threads, and that the Power will ru 
through a Space equal to the Compaſs it take 
in one Revolution, therefore ($. 7.) if th 
Weight exceeds the Power in this Proportio 
there will be an Aquilibrium. 

THr1s Machine is of great Force, and ve 
uſeful in retaining Bodies in a compreſſec 
State, becauſe it will not run back, as th 
three foregoing will, when the Power is re 
moved. 'This arifes from the great Frictior 

1 0 
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of thoſe Parts in the Screw, which during its 
Motion ſlide upon thoſe that are at Reſt. 


V. The WepGt. 


XVIII. Tris Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third; 
which is called the Back of the Wedge; the 
other two, its Szdes. | 
XIX. In the foregoing Mechanical Powers 
ve have all along conſidered the Weight, as 
moved in the ſame Direction with that, in 
Ewhich it is acted upon by the Machine, as is 
commonly the Cafe ; but in this, the Weight 
is generally applied in ſuch a Manner, as to 
Ibe made to move in a Direction different 
from that, in which it is protruded by the 
Wedge; hence it is, that Mathematicians have 
widely differed in their Determination of the 
Power of this Machine, ſome conſidering the 

Weight as moved by it in one Direction, and 
ſome in another, Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
Fore lay down the ſeveral Proportions, they 
Fave given us, for the determining the Power 
of this Machine, and examine them one by 
one, I. It is demonſtrated by ſome, that the 
Tower will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch Proportion 
o it, as the Breadth of the Back of the Wedge 
T3 does 
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does to the Sum of its Sides; or, which is 


the ſame Thing, as half that Breadth to one of 
its Sides. 2. Others make it ſomewhat larger, 
and demonſtrate, that it ought to be, as Pall 
the Breadth of the Back to the perpendicular 
Height of the Wedge. 3. Some are of Opi— 


nion, that there will not be an Æquilibrium 


in this Machine, unleſs the Power is to the 
Weight, as the whole Breadth of the Back to 


the perpendicular Height. WaALL1s, KpII, 
Sc. 4. GRAVESANDE in his Elements (L. 
Chap. 13.) gives us the ſame Proportion with 


the laſt ; and in his Scholium de ligno findends, 


tells us, that when the Parts of the Wood are 
ſeparated no farther than the Wedge is driven 
in, the /Equilibrium will be, when the Power 
is to the Refiſtance, as half the Breadth df 
the Back of the Wedge to one of its Sides. 
Tos, who lay down the firſt Proportion 


for determining the Power of this Machine, 


©: . the Parts, which are ſeparated from 
each other thereby, to recede from their fir 
Situation in Directions perpendicular to the 
Sides of the Wedge. Thus let ACB (Fig. 34 


repreſent a Wedge; P. P, two Bodies to le 


ſeparated by it, the one to be moved toward 
J, the other towards F, in the Directions CI, 


and CF perpendicular to AC and CB; then 


*tis. evident, that when the Wedge is driven 


in to the Situation MNO, the two Bodies Þ 
will be moved to Q and Qs that is, one will 


Iriven 
Power 
th of 


S8. 


| both paſſed over one of them, v. g. CL, or 
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have paſſed through the Space CK, the other 


through CL, but theſe Spaces being * 
their Velocities are the ſame as if they had 


which is equal to it DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
ſuppoſe applied at D, moves through DC, while 
the Obſtacle moves through DG, conſequent- 


| f ly (F. 7.) when the Power is to the Weight 


as DG to DC, that is, as DB to CB *, or 


half the Back of the Wedge to one of its 
$ Sides, they will be in Æquilibrio. This Pro- 


portion therefore, when the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in the Directions CI and CF, is 


true, 
2. Taz ſecond Proportion is alſo true, ſup- 


4 poſing the Bodies P, P, to recede from each 


other in the Directions CN and CM, parallel to 
AB the Back of the Wedge ; for, when the 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or which is equal 
to it DB, half the Back of the Wedge, and 
the Power through a Space equal to its Height 
as before; conſequently (F. 7.) in this Caſe, 
the AÆquilibrium will be, when the Power is 


For (8 Elem. 6.) the Triangles DCG and DCB are ſimilar 
and conſequently DG: DC:: DB: CB. . 


te 
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to the Weight, as half the Back of the Wedge 
to its Height “. 

3. Txosr, who imagine there will not be 
an ZXquilibrium, unleſs the Power be to the 


* The ſame may be otherwiſe demonſtrated from SeCtion 1 4, 
Chapter 9g. thus. Let there be a Body as L 15 35.) drawn 
againſt the Wedge ABC by the Weight V, in the Direction LF, 
parallel to the Back of Wedge AB; but prevented from 
ſliding down towards C, by a Plane (whoſe upper Surface we 
may ſuppoſe repreſented by EF) lying under it. I fay, the 


Power will be to the Weight, when they are in ZEquilibrio, as 


DA to DC. 


Dem. The Body L is here ated upon in three DireQions, 
ix. by the Force of the Weight in the Direction LF, by 


the two Planes CA and EF, in the Directions LG and LI. 


perpendicular to their Surfaces ; let GE be drawn parallel to 
LI, then will the Triangle LGE have all its Sides reſpec- 
tively llel to thoſe Directions; conſequently (Chap. 9. F. 14) 
if we ſuppoſe LE to expreſs the Force of the Weight V, GL 
will repreſent the Preſſure of the Body L againſt the Wedge; 
and if that is reſolved into GE and GH the one perpendi- 


Cular to the Direction of the Power, the other parallel and | 
contrary to it; the laſt, viz. GE, will expreſs the whole Force 


wherewith the Weight reſiſts the Motion of the Power; but 
GE is to'EL, as DA to DC (for the Triangles EGL and DAC 
are ſimilar, the Sides of one being ex Conſtruct. reſpectively 
perpendicular to thoſe in the other; v. g. LG to CA, EL to 
DC, and GE to D4); conſequently the Power is to the 
Weight, when they balance each other, as half the Breadth 
of the Back of the Wedge to its Height. I E. D. 

Corol. Suppoſe the Body L had been n againſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction towards 
G, as in the firſt Caſe; then it GL expreſſes the Force with 
which it is drawn towards . the Wedge, GE will be that with 
which it reſiſts the Power; but GE is to GL as DA to AC, 
the Triangles EGL and DAC being fimilar ; conſequently in 
this Caſe, the Power will be to the Weight, as half the Breadth 


of the Back of the Wedge to one of its Sides; as was before 
Weight, 


demonſtrated, 


N P 
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r * 
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Weight, as the whole Breadth of the Back 
of the Wedge to its On; ſuppoſe, as in 
the laſt Caſe, that the ies to be ſeparated 
* recede from each other in Directions parallel 
* to the Back of the Wedge; and endeavour 
to ſupport their Opinion hy the following Ar- 
gument: v/2. that, when the Wedge is driven 
min to the Situation MNO (Fig. 34.) as before, 
each Part of the Weight having moved through. 
a Space o_ to halt the Back of the Wedge, 
the whole Weight has therefore moved through 
twice ſo much, or a Space equal to the whole 
Back: as much as to ſay, the Whole has mo- 
ved farther than its Parts; which is abſurd. 
| 4. Tais is GRAVESANDE's Miſtake in his 
* Elements, the fame he has alſo made in his Scho- 
lium de ligno findendo, and thereby determined 
the Power in both Places to be twice as big, 
as it ought to be. If he had proceeded in the 
following Manner, bis Argument would have 
been eafier, as well as the Concluſion juſter. 
| Suppoſe the Wedge ABC driven into the 
| ood QLQ (as repreſented Fig. 36.) which 
is fplit no farther than the Point of the 
Wedge (or however no farther than is juſt 
ſufficient to give it Room to move) which 
Caſe GRAVESANDE ſuppoſes in his Scholium, 
I gay, that in this Situation of the Wedge, 
che Power is to the Weight, as one fourth 
Fart of the Back of the Wedge to one of its 
des. For it is evident, that when the upper 
Ends 


—— — 


— 


74 The Inclined Plane. Part l. 


Ends of the Wood, which preſs againſt the 
Wedge in the Points G, H, are put into Mo- 
tion by the Wedge, they will move in the 
Directions HI and GF, perpendicular to the 
Sides of the Wedge, becauſe they turn as it 
were upon a joint at L, which we ſuppoſe 
contiguous to C: again, ſince only the upper 
Ends of the Wood are put into Motion, and 
not the lower ones, which remain at L; tis 
evident, that the Motion of each Piece (ſup- 
poſing their Thickneſs the ſame from End to 


End, and their Subſtance uniform) will be! 
but half, what it would have been had the! 


lower ones moved with the ſame Degree of 
Velocity. Now, were all the Parts of the 
Wood to have the fame Degree of Velocity, 


the Power would be to the Weight, as in the 
firſt Caſe, viz. as DB to BC (Fig. 34.) ; there- 
fore in this Caſe, it is as half DB to BC, or 
as one fourth Part of the Back of the Wedge 


to one of its Sides. Which was to be proved. 


XX. Tax Form of the Inclined Plane being 
no other than that of half a Wedge, as is ma- 


nifeſt from the r N of it (Fig. 37.) 


it follows that what has been demonſtrated 
of the one, may be applied to the other, and 
the Properties of both will be found the ſame. 
For Inſtance, if the Weight W is to be raiſed 
up the Plane CB, by the Power P, in a Di- 
rection parallel to the Plane ; inſtead of that, 
we may ſuppoſe the Weight prevented from 

| running 
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running off the Plane by the String WB, and 


the inclined Plane driven under it like a Wedge 
in the Direction DC: then will the Weight 
riſe towards G in a Direction perpendicular 
to CB, for we mult always ſuppoſe the String 
WB parallel to the Plane (as it would have 
been, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon 
the Weight be ſimilar to that of the Wedge 
in the firſt Caſe : and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
D zB to BC; that is, as the Height of the Plane 
to its Length. Again, ſuppoſe the Weight 
was to have been drawn up the Plane by a 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
= CD, that is, parallel to DB: then the Caſe 
uill be analagous to the ſecond of the Wedge; 
4 conſequently, the Power will be to the Re- 
| fiſtance of the Weight, when there is an - 
quilibrium, in the Proportion of DB to DC, 
as there demonſtrated. 
XXI. THEsE are the Powers or Machines, 
| which, under different Forms, conſtitute all 
other how complicated ſoever; and as the 
Æquilibrium in any one of theſe is, when the 
Power and Weight are inverſely as their Ve- 
locities ; ſo in a Machine however compound- 
ed, the Power and the Weight will exactly 
f K balance 
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balance each other, when they are in this 
Proportion; for by F. 7. their Moments will 
then be equal, and the Machine, if at reſt, 
will continue in that. State ; and, if put into 
Motion by an external Force, will gradually 
loſe it, when that Force ceaſes to act; on ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mo- 
tion could be performed in a perfect Vacuum, 
From hence we ſee the Impoſſibility of con- 
triving an Engine, whoſe Motion ſhould be 
perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
ternal Force; a Problem that has given Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 
be found out of gaining a Force, by the art- 
ful Diſpoſition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deſtroyed by Friction, and the Re- 
ſiſtance of the Air, the Motion, which was at 
firſt given to the Machine, muſt at length be 
neceſſarily loſt. But we ſee, that thoſe Inſtru- 
ments are only different Means, whereby one 
Body communicates its Motion to another; 
and not deſigned to produce a Force which 
had no Exiſtence before. Tis for want of a 
due Contideration of this, that ſo many Me- 
chanical Defigns have proved abortive, ſo many 
Engines unequal to the Performance for which 


they 
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they were deſigned, and ſo many Impoſſibi- 
lities attempted. 


« IF it were poſſible, ſays Bp. WILkEINsõ, 
« to contrive ſuch an Invention, whereby 
« any conceivable Weight may be moved by 
* any conceivable Power, both with equal 
« Velocity (as it 1s in thoſe Things which are 
« immediately ſtirred by the Hand, without 
« the Help of any other Inſtrument) the 
« Works of Nature would be then too much 
« ſubjected to the Power of Art ; and Men 
« might be thereby encouraged (with the 
« Builders of Babel, or the Rebel Giants) to 
« ſuch bold Deſigns, as would not become 
« acreated Being. And therefore the Wiſdom 
« of Providence has ſo confined theſe Human 


Arts, that what an Invention hath, in the 


« Strength of its Motion, is abated in the Slow- 
« neſs of it; and what it has, in the extraordi- 


_ © nary Qzzckneſs of its Motion, muſt be al- 


* lowed for in the great Strength requiſite in 
« the Power which is to move it *. 


* HFilkins's Mathem Magick. p. 104. 


